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Aethusa Cynapium, Linn, or ‘‘Fool’s Parsley,’’ known 
also as the ‘‘Lesser Hemlock,’’ in French as ‘‘La petite Cigué,”’ 
in Italian as ‘‘Cicuta minore,”’ and in German as the ‘‘Kleiner 
Schierling,”’ is a well-known annual garden weed, which is indige- 
nous to Europe and Northern Asia, and is the only representa- 
tive of the genus. The generic name is stated to be derived 
from the Greek aiéicow, to make warm, on account of the 
acrid taste of the plant. 

In all the botanical works that have been consulted which give 
a description of the Aethusa, as also in works on toxicology and 
many other publications, it is regarded as possessing poisonous 
properties. Numerous cases of poisoning have in fact been at- 
tributed to it, and in most of these it appears to have been mis- 
taken for the common garden parsley. On the other hand, the 
investigations of the plant which have hitherto been recorded, 
both chemical and physiological, have led to widely differing 
conclusions respecting its constituents and properties, and thus 
its reputed poisonous action has alternately been affirmed and 
denied. It is evidently on account of the recognition or suspicion 
of its harmful character that the Aethusa has received such ex- 


1 Presented, in abstract, atthe Congress of Chemistry and Pharmacy, held at Liége, 
Belgium, July, 1905. 
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tended consideration in botanical and medical literature, and as 
some of the earlier observations concerning it are of interest and 
importance in connection with the present investigation, they 
may, so far as practicable, be briefly reviewed. 

In the ‘‘Gardener’s and Botanist’s Dictionary,’ by Philip 
Miller, F.R.S., with additions by Thomas Martyn, F.R.S., Vol. 
I, Part I, London, 1807, the following reference occurs: ‘‘Aethusa 
Cynapium, Fool’s Parsley, called also Lesser Hemlock, is a very 
common weed in kitchen gardens, and is in a slight degree poi- 
sonous.”” It is also remarked that this plant can only be con- 
founded with true parsley and with chervil (Anthriscus) when 
in a very young state, and that ‘‘even then the leaves may be 
observed to have a different form, a darker hue, and, on being 
bruised, to emit in a slight degree a disagreeable venomous smell. 
Most cattle eat it, but it is said to be noxious to geese.”’ 

Stephenson and Churchhill in their ‘‘Medical Botany,’’ Vol. I, 
London, 1831, give a detailed account of the Aethusa, and record 
several cases of poisoning attributed to it. They refer to its 
noxious qualities, and state that the leaves, when bruised, have a 
disagreeable odor. An instance is also cited by them where it 
had inadvertently been used as a medicine in place of hemlock 
(Conium maculatum) and with alarming results, thus indicating 
that at that early date the Aethusa was regarded as the more 
highly poisonous of these plants. 

In Lindley and Moore’s ‘‘Treasury of Botany,” Vol. I, p. 26, 
the following is noted under Aethusa. ‘‘Its flavor and odor 
are unpleasant, and the seeds are very nauseous. The whole 
plant is said to be poisonous, and there are instances on record of 
persons having been made ill by eating it, even in the small 
quantities in which it is likely to have been present when mixed 
with parsley ” 

In Bentley and Trimen’s ‘‘Medicinal Plants,” Vol. II, No. 125, 
the Aethusa is noticed at considerable length. The following 
is there stated: ‘‘This plant is not official in any Pharmacopoeia, 
neither has it ever been used in regular medical practice; but it is 
introduced into the present work like Oenanthe crocata and Cicuta 
virosa on account of its poisonous properties; and hence, being a 
common indigenous plant, it ought to be well-known to medical 
practitioners and pharmacists. Its chief resemblance to parsley 
is in its leaves, but those of Fool’s Parsley are more acute, of a 
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darker green color, and when bruised they emit a peculiar, 
disagreeable odor, which is altogether different from the smell 
of parsley. The whole plant possesses poisonous properties, 
but it does not appear to be of so virulent a nature as Oenanthe 
crocata and Cicuta virosa, for although there are several cases of 
poisoning by it, only two appear to have terminated fatally. 
In referring to the statement by Miller' that ‘‘most cattle eat it,” 
the authors remark that ‘‘in all recorded experiments with it on 
animals, it has had poisonous effects ”’ 

In Gray’s ‘‘Manual of Botany of the Northern United States,” 
sixth edition, p. 205, the author describes Aethusa Cynapium as 
‘‘a fetid, poisonous European herb ”’ 

In ‘‘Luerssen’s Medicinisch-Pharmaceutische Botanik,” 1882, 
Bd. II, p. 769, the author states, regarding Aethusa, that ‘‘this 
poisonous plant may be distinguished from parsley, which it 
resembles in a young state, not only by the described botanical 
characters, but by lacking the peculiar odor of the latter plant.” 

In Orfila’s ‘‘Treatise on Mineral, Vegetable, and Animal 
Poisons,’’ second edition, Vol. II, pp. 249-250, London, 1818, 
reference is made to the poisonous action of Aethusa, and this 
is also the case in the work ‘‘On Poisons,’ by Taylor, p. 758, 
London, 1848, although in the third edition of the latter work the 
conclusions of Harley, as noted below, are accepted as final 

Dr. John Harley? made a number of physiological tests, by 
administering to a child and to adult persons the expressed juice 
of both immature and mature plants, collected in different 
counties in England, and, as no effects were observed, he came 
to the conclusion that the Aethusa is absolutely free from the 
noxious properties attributed toit. He states that ‘‘It is pleasant 
to the sight, smell and taste, and, in the absence of the more 
fragrant and succulent plants, might well be used as a pot-herb 
ora salad.” It was stated, furthermore, that ‘‘these conclusions 
are independent both of locality and season, and that the only 
influence which these conditions have on Fool’s Parsley, as on 
hemlock, is to increase or diminish its succulency.” 

In connection with the views expressed by Dr. Harley, it is of 
interest to note that so recently as 1904 a case of severe poisoning 
by Fool’s Parsley was reported? The plant, recognized as 


1 Loc. cit. 
* “Year Book of Pharmacy,” 1876, p. 200, and Pharm. Journ., 1880, 11, Pp. 437. 
8 British Medical Journal, July 16, 1904, p. 124. 
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Aethusa Cynapium, was stated to have been gathered in the 
kitchen garden and eaten in considerable quantity, but the 
symptoms of poisoning were not manifested until some twenty- 
four hours after ingestion. By the use of morphine (for the 
pain) and stimulants, a speedy recovery was effected. (Compare 
also Dr. Scott Sugdein, in the Lancet, July 7, 1888.) 

Although the Aethusa appears never to have been subjected 
to a complete chemical examination, the statements that have 
been recorded respecting its constituents are quite as divergent 
as those pertaining to its physiological action. The earliest 
observation known to us in this connection is contained in the 
Archiv des Apotheker Vereins im nérdlichen Teutchland, 24, 
251, Lemgo, 1828, from Kastner’s Archiv., 11, 144, and is as 
follows: ‘‘The Aethusa Cynapium, which is often confused with 
parsley, contains, according to Professor Ficinus, an alkaloid, 
cynapine, which crystallizes in rhombic prisms, and is soluble in 
water and alcohol, but not in ether; the sulphate crystallizes in 
prisms.” 

Walz,' by the direct distillation of the ripe fruit of the Aethusa, 
and also by distillation of an alcoholic extract of the fruit with 
lime, obtained an alkaline distillate, which, when neutralized with 
sulphuric acid and extracted with ether-alcohol, left a residue of 
ammonium sulphate, while a substance dissolved which formed 
a brown, salt-like mass. The latter, when heated with a solution 
of caustic potash, gave a strongly alkaline distillate, having an 
odor resembling that of both coniine and nicotine, which afforded 
precipitates with various metallic salts and with the usual alkaloid 
reagents. He therefore concluded that the fruit of Aethusa con- 
tains ‘‘a volatile base, very similar in odor and chemical behavior 
to coniine, and probably identical with it.’’ As minor constituents, 
he also observed the presence of an essential oil, a fatty oil, and two 
resins, one of which was soluble and the other insoluble in ether. 

Bernhardt,” by the distillation of the fruit of Aethusa with milk 
of lime, obtained a reddish yellow liquid, floating like oil in the 
aqueous distillate. Both the oily liquid, in alcoholic solution, 
and the aqueous distillate possessed a strongly alkaline reaction, 
and an exceedingly penetrating, offensive odor, resembling that 
of rancid fish oil. The oily substance was found to contain 
nitrogen, and was therefore regarded as a volatile alkaloid. It 


1 Neues Jahrbuch fiir Pharmacie, 12, 351-356 (1859). 
2 Archiv, Pharm. [3], 16, 117, Halle, 1880, also Year Book of Pharmacy, 1880, p. 186. 
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was also stated that the odor of the substance, when in a con- 
centrated state, caused persistent headache, and if developed in 
food by the action of an alkali on the plant, as in the use of soda 
for softening leguminous fruits, no one would dispute its tendency 
to produce nausea and vomiting. 

In opposition to the preceding observations it is recorded that 
Tanret, in a communication made to the Society of Pharmacists of 
Paris, affirms to have found in the Aethusa neither an alkaloid 
nor a glucoside, nor any other substance to which a toxic action 
can be attributed. (Compare Planchon et Collin, ‘‘Les Drogues 
Simples,” 1896, Tome II, p. 221, and Dorvault, ‘‘L’Officine,”’ 
1898, p. 376). 

EXPERIMENTAL. 


Our attention having been directed to the Aethusa as a plant 
which merited a more complete chemical examination than had 
hitherto been made of it, this was undertaken, and with a two- 
fold object. In the first place it was evidently desirable that the 
constituents of the plant should be more precisely determined, 
and in the second place it was hoped that thereby it might be 
possible to arrive at a correct conclusion respecting its physiologi- 
cal action, which, as we have indicated, has long been a subject of 
dispute. 

The importance of employing absolutely authentic material 
for this investigation was fully recognized, not only for the accurate 
determination of its constituents, but also in view of the possi- 
bility that the existing discrepancies of statement respecting the 
properties of the Aethusa are attributable to a confusion of plants 
of the same family which superficially resemble each other. That 
a confusion of this nature is possible, especially with umbellif- 
erous plants, was shown by one of us several years ago,’ when 
an investigation of a number of cases of poisoning, stated to have 
been caused by the so-called Wild Parsnip, revealed the fact 
that in every instance the virulent Crcuta maculata had been 
mistaken for the Pastinaca sativa, the latter, even in the un- 
cultivated state, being perfectly innocuous. 

The Aethusa Cynapium used in this investigation was collected 
during the months of July and August, at a time when the fruits 
were fully developed, but still green, as it was then presumed to 
be in a condition most favorable for the determination of its 


1 Pharm. Rundschau, New York, 9, 162 (1891). 
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constituents and properties. It was gathered in districts both 
north and south of London, comprising a somewhat large area, 
for it was not very abundant in any particular locality. After 
its collection, each individual plant was carefully examined by a 
competent botanist, Mr. P. E. F. Perrédés, of London, and we 
had thus the assurance, not only of a proper identification, but 
also of the absolute freedom of the material from any contamina- 
tion. The leaves of these plants, when bruised, had a faintly 
aromatic, herbaceous odor, and were entirely devoid of the disa- 
greeable characters attributed to them in most botanical works. 
The green fruit, when bruised, differed only in having a somewhat 
stronger parsley-like odor. 

A quantity of the entire fresh plants, amounting to 1353 pounds 
(about 614 kg.), was dried in a warm atmosphere, and then 
weighed 264 pounds (12 kg.), having lost about four-fifths of the 
original we ght. 

As a preliminary experiment, 25 grams of the ground dry herb 
were digested with Prollius’ fluid, and evidence of the presence 
of a very small amount of alkaloid was thus obtained. Both 
the leaves and the fruit of the curled garden parsley, when tested 
in the same manner, afforded no reaction for an alkaloid. 

In order to determine the constituents of the plant, 11 kg. of 
the air-dried material were completely extracted with hot alcohol. 
After the removal of the greater portion of the alcohol, the residual 
dark colored extract was brought into a flask, water added, and 
steam passed through the liquid until oily drops were no longer 
visible in the condenser. There then remained in the distillation 
flask a quantity of resinous substance (A) and a very dark colored 
aqueous liquid (B), both of which will be subsequently described. 

Examination of the Steam Distillate—The aqueous distillate 
was a milky liquid, containing some greenish oil on the surface. 
It was shaken out several times with ether, the ethereal liquid 
washed with water, dried with anhydrous sodium sulphate, and 
the ether removed. ‘The residual oil was distilled under 20 mm. 
pressure, when it passed over between 80 and 175°C., leaving 
only a small quantity of dark, non-volatile substance. The 
distillate, amounting to 8.4 grams, was at first colorless, but 
soon became dark brown, and had a peculiar, rather unpleasant 
odor. On redistillation it was resolved chiefly into two fractions, 
one boiling between 80 and 100° C., and the other larger fraction 
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between 160 and 170° C., under 20 mm. pressure, but these were 
too small for further examination. 

The aqueous liquid from which the volatile oil had been ex- 
tracted contained a small amount of an acid, which was con- 
verted into a barium salt and found to consist chiefly of formic 
acid, 

(A) Examination of the Resins.—The resinous substance con- 
tained in the steam distillation flask was removed from the 
aqueous liquid, washed with hot distilled water, and dried on a 
water-bath. It had a tarry consistency, a dark green color, 
and weighed 450 grams. In order to ascertain the character 
of this resin, 50 grams of it were mixed with prepared sawdust, 
the mixture dried and extracted successively in a Soxhlet ap- 
paratus, with the following solvents: Petroleum (b.p. 40°-50° C.) 
extracted 28.4 grams or 56.8 per cent.; ether, 7.1 grams or 14.2 
per cent.; chloroform, 2.2 grams or 4.4 per cent.; ethyl acetate, 0.1 
gram or 0.2 per cent.; alcohol, 3.3 grams or 6.6 per cent. Total, 
82.2 per cent. 

After extracting with these solvents the sawdust still retained 
a very dark color, and, as a considerable portion of the original 
substance had not been recovered, it was evident that this had 
undergone some change which had rendered it insoluble in alcohol. 

The petroleum extract was a dark green, thick liquid, the other 
extracts were all resinous in character, and of a greenish or dark 
brown color. 

The total remaining portion of resinous substance (400 grams) 
was then extracted successively in the above manner with light 
petroleum, ether, chloroform and alcohol. 

(1) Petroleum Extract of the Resins.—About 250 grams of this 
extract were boiled for two hours with an alcoholic solution of 
75 grams of potassium hydroxide. The alcohol was then re- 
moved, the dark greenish brown mass dissolved in water, in 
which it was only sparingly soluble, and the liquid shaken out 
with five successive portions of ether. The ethereal liquid was 
washed with water, dried with calcium chloride, and the ether 
removed. A quantity of dark orange-brown matter was thus 
obtained, which, when dissolved in alcohol and allowed to stand, 
deposited a crystalline substance. This substance, although 
repeatedly crystallized from alcohol and from ethyl acetate, 
persistently retained a yellow color. It melted at 72-74°C, 
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and was not acted on by metallic sodium. In order to further 
purify it, it was distilled under 10 mm. pressure, when a colorless 
distillate was obtained, which was dissolved in ethyl acetate and 
allowed to crystallize It was then obtained in white glistening 
leaflets, melting sharply at 74° C., and was optically inactive. 

0.0840 gram gave 0.2612 gram CO, and 0.1105 gram H,O. C= 
84.8; H=14.6. C,,H,, requires C=85.4; H=14.6 per cent. 

This substance, therefore, appeared to be the hydrocarbon 
pentatriacontane, C,,H,., the melting-point of which is given as 
74° and 74.7°C.! So far as known to us, it is the first instance 
in which this hydrocarbon has been isolated from a plant. 

The original alcoholic mother-liquors from the pentatriacontane 
were of a very dark brown color, and appeared to contain a large 
amount of resinous matter. After standing for some days, they 
deposited a small quantity of a substance in the form of crystalline 
plates, which was separated by filtration, and recrystallized four 
times from ethyl acetate containing some dilute alcohol. It was 
thus obtained in handsome pearly leaflets, which melted at 
140-141° C. On analysis it gave the following results: 

0.4000 gram, on drying at 110° C., lost 0.0213 gram H,O= 
5.3 percent. C,,H,,0O,H,O requires H,O = 4.6 per cent. ; C,,H,,O,H,O 
requires H,O= 5.0 per cent. 

0.1041 gram of anhydrous substance gave o. 3179 gram CO, and 
0.1087 gram H,O. C=83.3; H=11.6 per cent.; C,,H,,O requires 
C=83.9; H=11.8 per cent.; C,,H,O requires C=83.7; H=11.6 
per cent. 

0.3787 gram of anhydrous substance, dissolved in 25 ce. of chloro- 
form, gave a,—1°.5’ in a 2 dem. tube, whence [a] ,—35.7 

When a small quantity of this substance was dissolved in 
chloroform, a little acetic anhydride added, and then a drop of 
concentrated sulphuric acid, a deep rose color was at once pro- 
duced which rapidly changed to violet, then to an intense blue, 
and, after standing a short time, became green. 

A portion of the substance was acetylated by boiling with 
acetic anhydride and anhydrous sodium acetate for about ten 
minutes. After the addition of water a product was obtained 
which, when crystallized from alcohol, formed colorless plates 
of a silky lustre, melting at 123-124° C 

It is evident from these characters that the above-mentioned 


' Compare Krafft: Ber., 1§, 1715 (1882). 
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substance is either an isomeride of phytosterol, C,,H,,O, or a 
lower homologue. 

The alkaline liquid, from which the pentatriacontane and 
phytosterol had been removed by means of ether, was concen- 
trated, acidified with sulphuric acid, and distilled in steam. The 
distillate contained a small quantity of a greenish oil, which was 
removed by filtration and discarded. The acids contained in the 
filtrate were made into a barium salt, the concentrated solution 
of which gave the reactions of formic acid, and, when acidified 
with sulphuric acid, developed the odor of butyric acid. 

The distillation flask contained a large quantity of a soft, dark 
green resin, which gave no indication of containing any fatty 
acids, and a brown aqueous liquid. The latter was decanted 
from the resin, and repeatedly extracted with ether, but it yielded 
nothing. 

(II) Ether Extract of the Resins.—This extract was a dark 
green, nearly hard mass, which appeared to contain nothing 
crystalline. About 35 grams of it were fused with 200 grams of 
potassium hydroxide in the usual manner, the temperature of 
the melt being allowed to rise gradually to 260°C. After being 
allowed to cool, the mass was dissolved in water, acidified with 
sulphuric acid, and distilled in steam. The acids contained in the 
distillate were converted into a barium salt, and were thus identified 
as formic and butyric acids. 

The liquid remaining in the distillation flask was decanted 
from a quantity of a friable, black resin, and repeatedly shaken 
out with ether. The ethereal liquid afforded a very small amount 
of a substance which gave the characteristic color reaction of 
protocatechurc acid. 

(III) Chloroform Extract of the Resins.—This extract was rela- 
tively small in amount, and consisted of a friable, black resin, 
from which nothing crystalline could be obtained. 

(IV) Alcohol Extract of the Resins.—This final extract, rep- 
resenting the portion of original resin which had remained un- 
dissolved by treatment with the preceding solvents, was dark 
brown in color, and appeared to contain nothing crystalline. 
On fusing 26 grams of it with 120 grams of potassium hydroxide, 
and treating the resulting product in the manner described in 
connection with the ether extract, it yielded the same substances 
as the latter, namely formic and butyric acids, together with a 
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substance which, after recrystallization, melted at 192°C. and 
gave the color reaction of protocatechuic acid. 

(B) Examination of the Aqueous Liquid.—The aqueous liquid 
which was separated from the resinous matter after the distilla- 
tion of the original alcoholic extract with steam, as previously 
described, was of a very dark brown color. It was concentrated 
to a thick syrup on the water-bath, then mixed with prepared 
sawdust, the mixture completely dried in a vacuum desiccator, 
and extracted in a Soxhlet apparatus with alcohol. This extract 
was concentrated and allowed to stand for some time, when a 
considerable quantity of a crystalline substance slowly separated, 
which was collected by filtration at the pump, washed with 
alcohol, and recrystallized from dilute alcohol. It was thus 
obtained in colorless needles, and was found to consist of an 
organic substance associated with potassium nitrate and chloride, 
from which it was impossible to free it by recrystallization. In 
order to isolate the organic compound, the possibility of its being 
an alcohol was considered, and the following method was there- 
fore adopted. It was boiled for about five minutes with an 
excess of acetic anhydride and a little anhydrous sodium acetate, 
and the liquid, after being allowed to cool, shaken with a con- 
siderable quantity of water. A crystalline substance was thus 
precipitated, which was collected by filtration at the pump, 
washed with water, dissolved in hot alcohol, and allowed to 
crystallize. It then formed octahedral crystals, which melted 
at 122-123°C., and this melting-point was not changed by further 
crystallization; it was also recovered unchanged when again 
boiled with acetic anhydride for half an hour. When heated at 
115°C. it did not lose in weight. 

0.1025 gram gave 0.1875 gram CO, and 0.0568 gram H,O. C= 
49.9; H=6.1. C,,H.,O,. requires C= 49.8; H=6.0 per cent. 

0.4949 gram dissolved in 25 cc. of chloroform, gave a, +0°.5 
in a 2 dem. tube, whence [a],, + 21.9°. 

The acetylated product thus agreed in composition with an 
hexaacetyl derivative of an hexahydric alcohol, which was 
evidently mannitol. For the purpose of comparison some hexa- 
acetyl-d-mannitol was prepared from pure d-mannitol. After 
recrystallization from alcohol, it melted at 122-123°C., not at 
119° C., as has been stated,! and a mixture of equal parts of this 

1 Beilstein’s ‘‘Handbuch der organischen Chemie,” Bd. I, p. 417. 
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preparation and the acetyl derivative of the crystalline substance 
obtained from the plant also melted at 122-123° C. 

Further confirmation of the identity of our acetylated product 
was obtained by hydrolyzing it with 30 per cent. sulphuric acid, 
when it afforded a handsomely crystalline substance melting at 
165-166° C. On analysis it gave the following result: 

0.1114 gram gave 0.1616 gram CO, and 0.0768 gram H,O. C= 
39.5; H=7.7. C,H,,0, requires C=39.6; H=7.7 per cent. 

The crystalline organic substance isolated from the Aethusa 
was thus definitely proved to be d-mannitol. 

The sawdust with which the aqueous syrupy liquid had been 
mixed for the purpose of extraction with alcohol, as above de- 
scribed, was subsequently extracted with hot water, and to this 
aqueous extract was added the liquids from which the crystalline 
substance, consisting of mannitol and inorganic salts, had been 
obtained. ‘The whole was then somewhat concentrated, and 
a solution of basic lead acetate added until no further precipitate 
was produced. A large quantity of a brow:sh yellow precipitate 
was thus obtained, which was separated from the aqueous liquid 
by filtration at the pump, and washed with a little water. A 
portion of this precipitate was suspended in water, decomposed 
by hydrogen sulphide, and the filtered liquid concentrated under 
diminished pressure. It afforded, however, only a dark brown 
syrup, containing uncrystallizable coloring-matter. 

The filtrate from the basic lead acetate precipitate was freed 
from lead by means of hydrogen sulphide, again filtered, and the 
liquid concentrated under diminished pressure. A brown syrup 
was thus obtained from which nothing crystalline separated on 
standing. On warming a portion of this syrupy liquid with 
phenylhydrazine acetate, it readily afforded a crystalline glucosa- 
zone melting at 218° C., and evidently contained a large amount 
of t-glucose. The syrup, when warmed with potassium hydroxide, 
evolved ammonia, and it afforded precipitates with all the usual 
alkaloid reagents. Although these reactions might be attributed 
to substances of a proteid nature, the possibility of an alkaloid 
also being present was considered. The syrup was accordingly 
diluted with water, made alkaline with ammonia, and repeatedly 
shaken out with chloroform until nothing further was removed. 
The aqueous liquid, when acidified, was still precipitated by 
alkaloid reagents, but this behavior was doubtless due to proteid 
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matter. The chloroform solution was shaken out several times 
with dilute hydrochloric acid, the acid liquid then made alkaline 
with potassium hydroxide, and again shaken out with chloro- 
form. This chloroformic liquid was washed with a little water, 
dried by means of potassium carbonate, and the chloroform 
removed. A small quantity of a thick, brown liquid was thus 
obtained, which possessed the characteristic, unpleasant odor 
of coniine. It was dissolved in dilute alcohol, and the solution, 
which had an alkaline reaction, exactly neutralized with hydro- 
chloric acid. This liquid was then decolorized with animal 
charcoal, and evaporated in a vacuum desiccator, when a small 
brownish residue, containing needle-shaped crystals, was ob- 
tained. The solution of this substance gave precipitates with 
the usual alkaloid reagents, and with chlorauric and chloro- 
platinic acids. 

As the characters of the substance above described suggested 
the presence of coniine or a closely related alkaloid, an attempt 
was made to obtain some further evidence of its identity. On 
account of the very small quantity of substance available, and 
the lack of specific reactions for the detection of small amounts 
of coniine, consideration was taken of the fact that this alkaloid 
on oxidation readily affords butyric acid.' The crystalline 
residue was therefore dissolved in water, and oxidized by heating 
with chromic acid on a water-bath. Steam was then passed 
through the liquid, and the acid contained in the distillate con- 
verted into the calcium salt. The solution of the latter, on 
evaporation, afforded a small amount of a salt which, when 
acidified with sulphuric acid, gave the odor of butyric acid, and, 
when warmed with absolute alcohol and sulphuric acid, developed 
the characteristic odor of ethyl butyrate. 

In order to determine approximately the amount of volatile 
alkaloid contained in the fresh plant, about 40 kg. of the Acthusa 
were extracted with alcohol, and, after the removal of the greater 
portion of the solvent, caustic potash was added, and steam 
passed through the mixture. The distillate, which had an alkaline 
reaction, was acidified with hydrochloric acid, filtered to remove 
a small amount of essential oil, and the acid liquid concentrated 
under diminished pressure. It was then made alkaline with 
potassium hydroxide, shaken out repeatedly with chloroform, 
1 Compare Blyth: /. Chem. Soc., 1, 361 (1849). 
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the chloroformic liquid washed with water, dried with potassium 
carbonate, and the solvent removed. The residual oily liquid 
was dissolved in dilute alcohol, exactly neutralized with hydro- 
chloric acid, the solution decolorized with animal charcoal, and 
evaporated to dryness in a vacuum desiccator. A residue con- 
taining needle-shaped crystals of the hydrochloride of the alkaloid 
was thus obtained, amounting to 0.12 gram, which is equivalent 
to 0.0003 per cent. of the weight of the entire fresh plant If 
the base be regarded as coniine, this would correspond to 0.093 
gram or 0.00023 per cent. of the latter in the plant. 

The small amount of alkaloidal salt obtained in the above- 
described operation was dissolved in a little water, and a solu- 
tion of gold chloride added. An oily precipitate was thus pro- 
duced, which did not become crystalline, even after standing 
for several days. It was finally dissolved in warm alcohol, and 
the solution filtered and concentrated, when a crystalline sub- 
stance was obtained, but it was too small in amount to permit 
of further examination. 

Physiological Tests—In order to obtain further evidence 
respecting the character of the alkaloid found in the Aethusa, the 
following physiological tests were made: 

(a) Five hundred grams of the ground, air-dry herb were 
extracted with acidulated water, the liquid made alkaline with 
caustic potash, and distilled in steam. ‘The alkaline distillate 
was acidified with hydrochloric acid, concentrated under di- 
minished pressure, again made alkaline with caustic potash, 
and shaken out with chloroform. The chloroformic solution was 
then extracted with very dilute acetic acid, and the whole of this 
liquid was administered per os to a small dog. Vomiting ensued 
within fifteen minutes, and was succeeded by profuse salivation 
which lasted for twenty-four hours. These effects were ac- 
companied by an appearance of general weakness. After three 
days the animal had completely recovered. 

(6) Five hundred grams of the ground, air-dry herb were com- 
pletely extracted with hot alcohol, the solvent removed, and the . 
resulting extract mixed with water. The aqueous liquid, sep- 
arated from the soft resin by filtration, was concentrated under 
diminished pressure, and the whole of this preparation was 
uuministered to a small dog. Vomiting occurred within half an 
nour, and after this the animal seemed perfectly well. 
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(c) The whole of the resin separated from the preceding extract 
was administered to a dog but no effect of any kind could be 
observed. 

It is evident from these results that the physiological action 
of the Aethusa is due to the volatile alkaloid, and the symptoms 
produced by the latter are those characteristic of coniine poison- 
ing. 

SUMMARY AND CONCLUSIONS. 

In summarizing the results of this investigation the following 
essential facts may be noted. 

The material emploved consisted of the true Aethusa Cynapium, 
Linn., the identity of each plant having been carefully verified 
by a competent botanist, and it was perfectly free from any 
contamination. Both the fresh leaves and the green fruit of 
these plants, when bruised, were entirely devoid of the disa- 
greeable odor attributed to them in most botanical works. 

The more important constituents of the plant were found to 
be as follows: 

(1) A small amount of an essential oil, of rather unpleasant 
odor. When first distilled it was colorless, but rapidly acquired 
a deep brown color. The amount of this oil obtained from an 
alcoholic extract corresponded to 0.015 per cent. of the weight 
of the entire fresh plant. The aqueous distillate from which the 
oil was separated contained a small amount of formic acid. 

(2) An amount of resinous substances corresponding to 0.8 
per cent. of the weight of the entire fresh plant. From the 
portion of this resin extracted by light petroleum there were 
isolated, after boiling with an alcoholic solution of potassium 
hydroxide, a small amount of a crystalline hydrocarbon, penta- 
triacontane, C,H, (m. p. 74°C.), and a crystalline alcohol (m. p. 
140-141° C.; [a],—35.7°), which is either an isomeride of 
phytosterol, C,,H,,O, or a lower homologue. The alkaline liquid 
from which these crystalline substances had been extracted was 
acidified with sulphuric acid, which caused the separation of a 
quantity of soft resin, and the mixture, when subsequently dis- 
tilled, yielded small amounts of formic and butyricacids. The 
portions of the original resin obtained by its subsequent extraction 
with ether and alcohol respectively, when fused with potassium 
hydroxide, yielded, in both cases, formic, butyric, and_ proto- 


catechutc acids. 
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(3) A small amount of d-mannitol (m. p. 165-166°C.) from 
which a hexaacetyl derivative (m. p. 122-123°C.; [a],,+21.9°) 
was prepared. The mannitol, when first obtained, was asso- 
ciated with some potassium nitrate and chloride, and could only 
be separated from these inorganic substances by its conversion 
into the acetyl derivative. 

(4) A considerable amount of inactive glucose and amorphous 
coloring-matter. 

(5) An exceedingly small amount of a volatile alkaloid, having 
the peculiar, characteristic odor of coniine, and which, like the 
latter, yielded butyric acid on oxidation.' It was accompanied 
by a considerable amount of ammonia, which was probably 
produced for the most part by the decomposition of proteid 
substances contained in the plant. The amount of hydrochloride 
of the alkaloid obtained was 0.12 gram from 4o kg. of the entire 
fresh plant, which is equivalent to 0.0003 per cent. If the base 
be regarded as coniine, this would correspond to 0.00023 per cent. 
of the latter in the plant. 

The isolation of a volatile alkaloid from the Aethusa may be 
regarded as of considerable interest, inasmuch as it was stated 
many years ago by Walz? that the fruit of this plant ‘‘contains a 
volatile base, very similar in odor and chemical behavior to 
coniine, and probably identical with it.’’ A similar observation 
was recorded some years later by Bernhardt* while, on the other 
hand, Tanret* has subsequently stated that he could find in the 
Aethusa ‘‘neither an alkaloid nor a glucoside, nor any other 
substance to which a toxic action can be attributed.”’ 

It is, however, not only from a chemical point of view, but also 
from that of the toxicologist, that the verification of the presence 
of a volatile alkaloid in this plant merits consideration, particu- 
larly on account of the conflicting opinions which have so long 
prevailed respecting its reputed poisonous properties.? Al- 
though the amount of alkaloidal substance obtained from the 
plant was so small that its identity could not be definitely es- 
tablished by analytical data, a consideration of its physical and 
chemical characters, such as volatility, tendency to resinify, 
peculiar odor, and particularly the formation of butyric acid by its 


' Compare J. Chem. Soc., 1, 361 (1849). 

2 Neues Jahrbuch fiir Pharmacie, tt, 351-356 (1859). 

> Archiv. Pharm. [3], 16, 117 (1880). 

* See Planchon et Collin, ‘Les Drogues Simples,"’ 1896, Tome IT, p, 221. 
5 Compare, especially, Dr. John Harley, Pharm. Journ., 11, 437 (1880). 
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oxidation, may reasonably lead to the assumption that it is 
either coniine or, possibly, a mixture of bases such as is obtained 
in a similar manner from Conium maculatum. 

The fact that the proportion of alkaloid found by us in the 
Aethusa was so very small, and that the plant apparently contains 
no other substance to which a toxic action can be attributed, 
would seem to afford some justification for the conclusion of Dr. 
Harley’ that it is free from the noxious properties which it has 
been stated to possess. It is quite possible, however, that this 
conclusion, based upon the results of physiological experiments 
with the expressed juice of the plant, may only be correct within 
certain limitations. It has been observed, for example, in the 
case of Conium, that the plant varies in narcotic power according 
to the stage of its development, and to the weather and climate, 
being most active when the fruit is still green, in hot and dry 
seasons, and in warm countries.” 

Notwithstanding the contradictory nature of the statements 
that have been recorded respecting the properties of the Aethusa, 
and whatever may be the explanation of these discrepancies, 
there remains the important and positive fact that, in accordance 
with the observations of earlier investigators, the plant examined 
by us contained a small amount of a volatile alkaloid resembling 
coniine in its physical and chemical characters, and, as we have 
shown, also in its physiological action. In view of this fact, it 
can not be considered improbable that, under favorable condi- 
tions of growth, the proportion of alkaloid may be increased to 
such an extent as to impart to the plant the poisonous properties 
ascribed to it. 


5-BROP1-2-AMINOBENZOIC ACID AND SOME OF ITS 
DERIVATIVES.?* 
By MARSTON TAYLOR BOGERT AND WILLIAM FLOWERS HAND. 
Received October 17, 1905. 
5-BROMACETANTHRANILIC acid was prepared by the direct 
bromination of acetanthranilic acid, and also by the oxidation of 
5-brom-o-acettoluide. Alt* proved that these two methods gave 


1 Loc. cit 

2 Compare Farr and Wright: Pharm. Journ. [4], 18, 185; “‘United States Dispensatory,” 
Eighteenth Edition, p. 447, also Millspaugh: Loc. cit. 

3 Read at the Buffalo Meeting of the American Chemical Society, June 22, 1905. 

4 Ber., 22, 1643 (1889). 
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exactly the same product, and our own results confirm this fully. 
From the bromacetanthranilic acid, the bromanthranilic acid was 
obtained by saponifying with concentrated hydrochloric acid. 

A great deal of time was spent in studying the barium salts of 
these two acids. The barium salt of the acetyl acid crystallizes 
in two forms, one approximately anhydrous, and the other carry- 
ing three and a half or four molecules of water, while that of the 
unacetylated acid crystallizes approximately anhydrous. In 
both cases, however, the analytical figures for barium were uni- 
formly low. It seemed impossible to free these salts of all moisture 
below the point at which they decompose. Alt! mentions a 
barium salt of 5-bromanthranilic acid which crystallized with four 
molecules of water. This salt we did not encounter, possibly 
because our salt was prepared in a different way. 

By treating the bromacetanthranilic acid with acetic anhydride, 
the corresponding bromacetanthranil was obtained. 

We also prepared the bromacetanthranilic nitrile by direct 
bromination of acetanthranilic nitrile. 

These various lines of work may be represented thus: 


COOH COOH 
: ye OCH, 
\/ A 
CH, CH, 
| . | 
-_ /SOck, ew OCH, 
V/ aad 2 
COOH 
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COCH, *~ ’ 
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A Ss 
‘“ o NCOCH, 


' Loc. cet. 
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Quinazolines were prepared from the bromanthranilic acid, its 
acetyl derivative, the bromacetanthranil, and from the brom- 
acetanthranilic nitrile. These quinazolines will be described in a 
subsequent paper. 

The authors wish to express their indebtedness to Messrs. H. 
J. Smith and J. E. Jacob, of the Chemical Laboratory of the 
Mississippi Agricultural and Mechanical College, by whom most 
of the analytical work required in this investigation was per- 
formed, and without whose willing and efficient codperation the 
publication of this research would have been greatly delayed. 

EXPERIMENTAL. 
Acetanthranilic Acid. 

Acetanthranilic acid, (1) HOOC.C,H,.NHCOCH, (2), was 
prepared according to the method of Jackson,’ by the action of 
acetic anhydride upon anthranilic acid. A very good solvent for 
recrystallizing the crude product is 50 per cent. acetic acid. The 
pure acid is more or less difficultly soluble in cold water, toluene, 
carbon tetrachloride, chloroform, carbon disulphide, ether, cold 
aniline, cold dilute alcohol, or cold 50 per cent. acetic acid; mod- 
erately soluble in cold glacial acetic acid, cold 95 per cent. alcohol, 
or hot dilute alcohol; easily soluble in hot glacial or 50 per cent. 
acetic acid, hot 95 per cent. alcohol, hot aniline, or in acetone. 


5-Bromacetanthranilic Acid. 
5-Bromacetanthranilic acid, C,H,(COOH)(NHCOCH,)(Br) 
(1,2,5), was prepared (I) by the direct bromination of acetan- 
thranilic acid, (II) by the oxidation of 5-brom-o-acettoluide, and 

(III) by the hydrolysis of 5-bromacetanthranil. 

(1) Preparation of 5-Bromacetanthranilic Acid by Brominating 
Acetanthranilic Acid.—For satisfactory bromination the acet- 
anthranilic acid must be in a very fine state of division; no lumps 
can be used. 

The finely powdered acetanthranilic acid was placed in a round- 
bottomed flask, sufficient water added to form a thin paste, anda 
1 Ber., 14, 886 (1881). 
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solution of slightly more than the calculated amount of bromine 
dissolved in aqueous potassium bromide solution added gradually 
with shaking. The bromine was readily absorbed, and if the 
mixture was sufficiently dilute the temperature did not rise very 
rapidly. The addition of the bromine was continued until a 
yellow color was obtained that did not fade appreciably after 
standing for at least half an hour. The substitution was then 
complete. One hundred grams of acetanthranilic acid were thus 
brominated in the course of an hour. The product was very 
flocculent, and much more bulky than the original acetan- 
thranilic acid. The thick mass was poured into a large porcelain 
dish, allowed to stand about twelve hours, filtered on a large 
Buchner funnel, and washed thoroughly. The precipitate was 
so fine that it clogged the filter and rendered the washing tedious 
and troublesome. The washed precipitate, when dry, was very 
light, and nearly colorless. It was dissolved in 95 per cent. 
alcohol, boiled with bone-black, filtered hot, hot water added to 
the filtrate to permanent cloud, and the solution allowed to cool. 
The crystals obtained, recrystallized from 50 per cent. acetic 
acid, separated in beautiful clear six-sided microscopic prisms, 
m. p. 218-219° (corr.). By recrystallization from glacial acetic 
acid, the melting-point was raised to 222-223° (corr.). 

(Il) Preparation of 5-Bromacetanthranilic Acid by the Oxida- 
tion of 5-Brom-o-acettoluide—After experimenting with various 
methods of brominating o-acettoluide, we found that the use of 
the bromide-bromate mixture was the most satisfactory. The 
process used was as follows: 

Fifty grams of o-acettoluide were dissolved in 500 cc. of 95 per 
cent. alcohol, the solution heated to boiling, a solution of 66.55 
grams of potassium bromide in 200 cc. hot water added, the solu- 
tion heated nearly to boiling, slightly more than sufficient hydro- 
chloric acid added to decompose all potassium bromide, and a hot 
solution of 18.685 grams of potassium bromate dissolved in the least 
possible amount of water gradually stirred in. The brominated 
body separated suddenly. It was redissolved by continuing the 
heating and adding alcohol, if necessary, to prevent its enclosing 
unbrominated toluide. If the solution did not show excess of 
bromine at this point, a little more bromide and bromate were 
added until excess of bromine was evident. The bromtoluide 
was precipitated by the addition of a large amount of water, the 
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mixture cooled thoroughly, the precipitate filtered out, washed 
thoroughly and dried. It was purified by slow crystallization 
(on the steam-bath) from dilute alcohol, giving bundles of color- 
less, silky, microscopic hairs, m. p. 154° (corr.). Niementowski! 
gives the melting-point as 156-157°. As our product was en- 
tirely homogeneous and of fine appearance, we did not attempt 
to raise the melting-point by further recrystallizations, deeming 
it sufficiently pure for the preparation of the bromacetan- 
thranilic acid. The yield of bromacettoluide was _ practically 
quantitative. 

The dry bromacettoluide is very hard to wet again. We found 
it necessary to dissolve it in the least possible quantity of boiling 
acetone and reprecipitate with a large volume of boiling water. 
A mud-like mass resulted, which was readily oxidized by potas- 
sium permanganate.’ 

Fifty grams of the dry toluide were changed to this mud, and 
suspended in four liters of boiling water. The acetone was 
boiled out, and finely pulverized permanganate added gradually. 
The amount of permanganate required was between 300 and 400 
grams. The mixture was kept boiling vigorously, and when 
once well under way the oxidation proceeded quite rapidly, and 
was coniplete in about two hours and a half. A test portion 
filtered off and cooled deposited no unchanged toluide, and the 
permanganate color was not discharged by further boiling. The 
excess of permanganate was then destroyed by adding alcohol, and 
the whole was filtered hot. The filtrate was allowed to stand 
about twelve hours, and in case any unoxidized toluide separated 
it was removed by filtration. The filtrate was acidified with 
hydrochloric acid (acetic acid does not transpose the salts of the 
acetamino acid, although it readily transposes those of the unacet- 
ylated acid), the precipitate washed well with water, treated with 
bone-black, and crystallized from toluene. Short, thick, small 
prisms were obtained, melting at 223-224° (corr.), identical with 
the bromacetanthranilic acid obtained by the direct bromination 
of acetanthranilic acid. The yield was good. , 

(III) Preparation of 5-Bromacetanthranilic Acid by the H)- 
drolysis of 5-Bromacetanthranil—5-Bromacetanthranil was boiled 
with water, the precipitate filtered out, dried, and recrystallized 
from toluene. Small, clear, microscopic prisms resulted, m. p. 


1 Ber., 25, 868 (1892). 
2 Alt: Loc. czt. 
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221-222° (corr.), identical with the bromacetanthranilic acid 


prepared by the above two methods. 

The pure 5-bromacetanthranilic acid forms crystals which ap- 
pear under the microscope as beautiful, glassy, six-sided prisms. 
The melting-point of these crystals varies greatly according to 
the rapidity with which they are heated, as both Jackson‘ and Alt! 
observed. By rapid heating we have obtained as high a melting- 
point as 223-224° (corr.). The acid is difficultly soluble in water, 
carbon tetrachloride, chloroform, carbon disulphide, ligroin, 50 
per cent. acetic acid, toluene, cold aniline, or cold dilute alcohol: 
moderately soluble in cold acetone, cold glacial acetic acid, cold 
95 per cent. alcohol, or hot dilute alcohol; easily soluble in ether, 
hot aniline, hot glacial acetic acid, hot acetone, or hot 95 per cent. 
alcohol. It dissolves instantly and completely in solutions of the 
caustic alkalies or of ammonia. It decomposes alkaline carbon- 
ates or magnesium carbonate readily, but barium carbonate very 
slowly, the barium salt being very difficultly soluble. It is easily 
saponified by hot concentrated hydrochloric acid. Its salts are 
not transposed by acetic acid. 

The acid was burned with the DeRoode mixture in a long com- 
bustion tube, and gave the following results: Found: C, 41.86; 
H, 3.26; Br, 31.03. Calculated for C,H,O,NBr: C, 41.87; H, 3.10; 
Br, 31.00. 

Barium Salt oj 5-Bromacetanthranilic Acid.—The first experi- 
ments were conducted with bromacetanthranilic acid obtained 
by the bromination of acetanthranilic acid. These experiments 
were then repeated with bromacetanthranilic acid from brom- 
acettoluide. The crystals obtained from the two series appeared 
identical under the microscope. 

The bromacetanthranilic acid was boiled with excess of dilute 
barium hydroxide solution, the excess of barium precipitated by a 
stream of carbon dioxide, and the mixture filtered hot. On cool- 
ing, there first separated a mixture of transparent, microscopic, 
leedle-like prisms, with a few larger, six-sided, transparent 
prisms. By filtering off the first crop of crystals, other crops 
separated from the mother-liquor containing less and less of the 
microscopic needles and more and more of the larger prisms. 
The larger prisms were finally obtained apparently free from the 
needles, but we were not able to secure any first crop crystals 

' Loe. cit. 
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consisting exclusively of the microscopic needles. The two 
crystalline forms are easily distinguishable under the microscope. 
A great many analyses were carried out on the various crops of 
bar.um salt, but the results were not very satisfactory. We are 
of the opinion, as the result of these analyses, that the microscopic 
needles which separate first are anhydrous, while the larger prisms 
carry three and a half or four molecules of water. It is difficult 
to remove all the water from the hydrated crystals below the 
temperature at which the salt itself is decomposed. The barium 
salt is very difficultly soluble in water even at its boiling-point. 
5-Bromanthranilic Acid. 

This was prepared by saponifying 5-bromacetanthranilic acid 
with boiling concentrated hydrochloric acid. The bromacet- 
anthranilic acid used was prepared both from acetanthranilic 
acid and from the bromacettoluide. Both products gave one 
and the same bromanthranilic acid, as Alt' showed some time ago, 

One hundred grams of 5-bromacetanthranilic acid were placed in 
a two liter round-bottomed flask, and boiled for three hours under 
a return condenser with 800 cc. of concentrated hydrochloric 
acid. The hydrochloride of the amino acid is difficultly soluble in 
concentrated hydrochloric acid. During the boiling a stream of 
dry hydrogen chloride is passed through the solution. This 
diminishes the bumping which generally occurs, and keeps the 
solution saturated with hydrochloric acid gas, so that on cooling 
with ice practically all of the hydrochloride of the amino acid 1s 
precipitated. This precipitate is filtered out, washed with cold, 
concentrated hydrochloric acid, sucked dry on the pump, and 
transferred to a large porcelain dish. It is then covered with 
fifteen volumes of cold water, cracked ice is added, and most of the 
hydrochloric acid is neutralized with ammonia. It is not ad- 
visable to attempt to neutralize the hydrochloric acid completely, 
as the hydrochloride is completely dissociated by the large volume 
of water added. ‘The free amino acid is filtered out, washed thor- 
oughly with ice water, recrystallized and treated with boneblack. 
Toluene proved a very satisfactory menstruum for crystallization 
of the substance. 

5-Bromanthranilic acid forms colorless crystals. When rapidly 
heated, they meit at 219-220° (corr.), with previous softening. 
Alt! gives the melting-point as 211.5-212°. The acid is insoluble 


1 Loc. cit. 
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or difficultly soluble in water, benzene, toluene, xylene, ligroin, 
oil of turpentine, carbon tetrachloride, carbon disulphide, ethyl 
acetate, cold chloroform, or cold dilute alcohol; moderately 
soluble in hot chloroform, in dry ether, or cold acetone; easily 
soluble in hot acetone, in hot dilute alcohol, in 95 per cent. alcohol, 
or in aniline. The copper salt is apple-green, as Alt! states, and 
not bright blue as reported by Hiibner and Petermann.? 

Some of the acid was purified through its barium salt. In de- 
composing the solution of the barium salt with hydrochloric acid, 
the solution should be cold and the acid added gradually, or the 
amino acid may precipitate in a gummy condition difficult to 
filter and’wash. An excess of hydrochloric acid does no harm, 
as the hydrochloride is immediately dissociated by the excess of 
water. 

Analysis of the purified acid gave the following results: Found: 
C, 38.32; H, 2.72; Br, 37.55. Calculated for C,H,O,NBr: C, 
38.89; H, 2.73; Br, 37.02. 

Hydrochloride of 5-Bromanthranilic Acid—Dry hydrogen 
chloride was passed through a warm solution of the acid in abso- 
lute ether. The precipitated hydrochloride was filtered out and 
dried. It is rapidly decomposed by moisture. A small amount, 
washed a few times with cold water on a filter, and the residue 
then dissolved in nitric acid, gave no reaction at all for chlorine 
ions. The salt gives off hydrochloric acid quite rapidly even in 
the air. 

Barium Salt of 5-Bromanthranilic Acid—The purified acid was 
suspended in boiling water, dilute barium hydroxide solution 
added to slightly alkaline reaction and the boiling continued for 
some time, adding more baryta water, if necessary. The excess of 
barium was precipitated by carbon dioxide, the solution filtered 
boiling hot, and allowed to cool slowly. Transparent, six-sided 
prisms separated in mossy colonies. These crystals were anhy- 
drous. They darken slightly on standing, are very difficultly 


soluble in cold water, and only moderately soluble in boiling 
water, 


Alt,’ by boiling the acid with barium carbonate, obtained a 
salt carrying four molecules of water. This salt we did not en- 
counter. 


1 Loc. cit. 
* Ann. Chem. (Liebig), 149, 133. 
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—5-Bromacetanthranilic acid was boiled with an excess of acetic 
anhydride. The crystals which separated on cooling were filtered 
out, dried, and recrystallized from carbon tetrachloride. 

The pure anthranil crystallizes in colorless scales, m. p. 131° 
(corr.). 

The following figures were obtained on analysis: Found: C, 
45.04; H, 2.50; N, 6.24 and 6.16; Br, 33.31. Calculated for 
C.H.O.NBr: C, 45.01; H, 2.13; N, 5.83; Br, 33.32. 

5-Bromacetanthranilic Nitrile. 

5-Bromacetanthranilic Nitrile, C,H,(CN)(NHCOCH,) (Br) (1,2,5). 
—Acetanthranilic nitrile (m. p. 132.5° (corr.)) was brominated 
by suspending it in water and passing in a current of air 
laden with bromine vapor. Five or six hours were required to 
complete the bromination. The crude product was filtered out, 
washed, treated with bone-black, and recrystallized from water. 
Larger crystals were obtained from carbon tetrachloride. During the 
bromination the temperature of the liquid must not be permitted 
to rise above about 30°, or the product may be spoiled. 

The pure nitrile forms clear, six-sided prisms, m. p. 158° (corr.); 
insoluble or difficultly soluble in cold water, carbon disulphide, 
cold benzene, or cold carbon tetrachloride; moderately soluble 
in cold dilute alcohol, hot water, cold toluene or hot carbon 
tetrachloride; easily soluble in 95 per cent. alcohol, hot dilute 
alcohol, acetone, ethyl acetate, hot benzene, hot toluene, or 
chloroform. 

Bromine found, 33.52; calculated for C,H,ON,Br, 33.46. 


COLUMBIA UNIVERSITY AND 
MISSISSIPPI AGRICULTURAL AND MECHANICAL COLLEGE, 
October, 1905. 


ON THE OCCURRENCE OF ARSENIC IN WINES. 
By H. D. GipsBs AND C, C. JAMES. 
Received September 25, 1905. 
WHILE engaged upon the analysis of 100 samples of California 
dry, red wines, the frequent occurrence of coal-tar dyes induced 
us to test for arsenic which is often found in certain dyes. We 
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were surprised to find that arsenic occurred in many samples 
which were otherwise free from unnatural ingredients. This led 
to a rather extended investigation of the subject, and in all 329 
samples have been examined by various methods for the presence 
of arsenic compounds. The quantities found were in all cases 
small, and while in all probability the compounds of the element 
are not to be met in quantities sufficient to produce toxic effects, 
we have undertaken this investigation in the attempt to throw 
some light upon the source of this constituent, as it is undoubtedly 
an accidental ingredient. It is not beyond the realms of possi- 
bility that the source, if not discovered, might give rise to in- 
creasing quantities until the limit of tolerance would be reached. 
This in fact occurred in English beers some years ago when the 
brewers used glucose prepared with a sulphuric acid which con- 
tained considerable quantities of arsenic. 

It is recognized that arsenic administered with alcohol' may be 
more toxic than when administered alone, owing to the more 
rapid assimilation caused by the stimulation of the gastric mucosa. 
Moreover, the system with continued use, becomes tolerant of 
large amounts of arsenic, and some individuals, owing to inherent 
idiosyncrasies, are much more resistant than others to its toxic 
effects. By employing special methods Gautier? has shown that 
arsenic is a remarkably uniform constituent of animal and vege- 
table organisms and a widely distributed element, but as we 
have not employed in this investigation his methods* for the 
estimation of minute quantities we do not consider that all of the 
arsenic which has been found is an unavoidable constituent of the 
wines examined. 

Opposition to the use of artificial coloring substances in French 

1 C. H. Tattersall (Report on Arsenical Poisoning, Borough of Salford, Eng.; H. Tap- 
peiner: Z., Biol., 16, 497 (1881), and “‘Physiological Chemistry,’’ by A. Gamgee, 438 
(1893)), asa result of experiments upon dogs and cats in which he had ligatured the 
pylorus before injecting into the stomach solutions of various alimentary and poisonous 
substances, came to the conclusion that the stomach absorbs only very small quantities of 
bodies which are introduced into it in aqueous solution, while, on the other hand, it ap- 
pears readily to absorb dilute alcohol and substances dissolved in alcohol. When sul- 
phate of strychnia was injected into the stomach of cats with ligatured pylorus, death 
from strychnia poisoning ensued in a period varying between one and one-half and three 
hours, while with unligatured pylorus death occurred from the same dose in eight min- 
utes. If, however, strychnia were dissolved in dilute alcohol and injected into the 
stomach of a cat, with ligatured pylorus, death occurred in ten minutes. 

* Bull. Soc. Chim. [3], 27, 843 (1902); [3], 20, 31 (1903); A. Gautier and P. Clausmann, 
C.R., 139, tot (1904); V. Bordas: /d/d., 139, 234 (1904). 


3 Bull. Soc. Chim., [3]. 29, 859; Ann. Chim. Phys. [5', 8, 384; Bertrand: Bull. Soc. Chim. 
[3], 27, 847 (1902). 
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wines in 1876 led to the discovery that arsenic might thus be 
introduced into the wine, and Gautier’ says that arsenic should 
always be looked for in wines containing aniline colors. In the 
same year C. Husson? published an article on ‘‘The Detection 
and Estimation of Fuchsine and Arsenic in Wines Which Have 
Been Colored with Fuchsine.”’ J. Clouet* found that caramel, 
which is frequently used in conjunction with fuchsine, often con- 
tains large amounts of arsenic. 

The outbreak of arsenical poisoning! at Manchester, England, 
in 1900 was traced to beer in which arsenic was introduced through 
the glucose. This epidemic led to an extensive consideration of 
rapid methods for the determination of arsenic, beginning with 
the Reinsch test and ending with the adoption of the electrolytic 
method of Thorpe® by the Royal Commission on Arsenical Poison- 
ing. We have tried a large number of methods and various 
combinations and modifications and found none as satisfactory 
as the Marsh, using zine and sulphuric acid. 

Our investigations began with the analysis of 100 samples of 
dry red wines.* The ash obtained from the quantitative deter- 
mination of the total solids and ash, by the method of the Asso- 
ciation of Official Agricultural chemists,’ using 50 cc. of wine, 
was dissolved in dilute sulphuric acid (1 to 3), filtered and in- 
troduced into the Marsh generator. By this rather rough method 
15 of the 100 samples produced perceptible mirrors which were 
identified as arsenic by conversion into arsenious oxide tetrahedra. 
Twelve of these samples seemed to be pure wines, three contained 
in addition to the arsenic, coal-tar dyes, and one contained benzoic 
acid. Fourteen of these samples were bottled wines and one 
was taken from the cask. These results led to a systematic study 
of methods in order to assure ourselves that the arsenic was not 
introduced through the reagents or apparatus used, and that all 
the arsenic present in the wine was obtained in the mirror. The 
only methods employed were those by which the arsenic was 
finally obtained in the form of a mirror deposited upon the inner 
surface of a glass tube by the breaking down of arsine by heat. 


1 Bull. Soc. Chim., 25, 483, 530 (1876). 

2 C.R., 83, 199. Report on Arsenical Poisoning, Borough of Salford, 1900, p. 47. 
3 Annales a’ Hygiine Publique, 1878, p. 145. 

* Report of Medical Officer of Health at Manchester, December, 1900. 

5 J. Chem. Soc., 83, 974 (1903); J. Soc. Chem. Ind., p. 965 (1903). 

6 Bulletin San Francisco Board of Health, March, 1905. 

7 U.S. Dept. Agr., Bureau of Chem., Bull. 65, 83. 
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The methods used for the conversion of the arsenic compounds 
into arsine include the electrolytic method of Thorpe! and the 
Marsh method, using zine and hydrochloric acid and zine and 
dilute sulphuric acid. After carefully testing the reagents for the 
Marsh method, hydrochloric acid was discarded in favor of sul- 
phurie acid, and Kahlbaum’s special granulated zinc was found 
on the whole to be most satisfactory. Twenty grams of this 
zine were placed in the Marsh generator and completely dissolved 
in sulphuric acid (1 to 3), which required two and one-half hours. 
These reagents gave no signs of a mirror. The sulphuric acid 
employed was that manufactured by Baker and Adamson and, 
later in the investigation, acid manufactured by the Mallinckrodt 
Chemical Works was used with equal success. This test was 
repeated with zinc from each different lot employed and with 
several samples from each lot, with the same result. The action 
of the acid on the zine was started with a few drops of a dilute 
solution of chlorplatinic acid. Copper sulphate* and iron alloyed 
with the zinc have been used for this purpose, but it has been 
shown* that a part of the arsenic is retained in the generator by 
these reagents. 

A Florence flask of about 250 cc. capacity was used as a con- 
tainer for the zinc and sulphuric acid. This was fitted with a 
two-holed rubber stopper, through one hole of which passed a 
separatory funnel for introduction of the sulphuric acid and the 
arsenic solution, the outlet tube passing through the other hole. 
As rubber will absorb arsine, care was exercised to have the ex- 
posed surface of the rubber as small as possible. The same rubber 
stopper and connections and apparatus were used throughout the 
investigation, with the exception of the Florence flask, which had 
to be renewed once. The outlet tube was connected with a 
4-inch U-tube arranged so that the issuing gases first passed 
through a spiral of lead acetate paper and then through granulated 
calcium chloride, held in place by plugs of absorbent cotton. 
From the U-tube the gases passed into a Jena glass tube of 0.7 
cm. internal and 1.0 cm. external diameter drawn down to a 
constriction from 10 to 15 cm. long‘ and 2 mm. external diameter.® 
These tubes were cleaned by standing in a mixture of nitric and 


1 Loc. cit. 

* Gautier: Ann. Chim. Phys. [5], 8, 384 (1876). 

’ Parsons and Stewart: This Journal, 24, 1005 (1902). 
*G. Bertrand: Loc. cit. 

5 W. Thompson : Chem. News, 86, 179 (1902). 
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chromic acids, after which they were washed with water, alcohol 
and ether, and dried by aspirating a current of air through them, 
To decompose the arsine, this Jena glass tube, protected by wire 
gauze, was heated by two or three Bunsen burners for a space of 
10 to 15 cm. before the constriction. The solution containing 
the arsenic was slowly added to the contents of the generator 
through the separatory funnel, after the air was completely ex- 
pelled from the apparatus by allowing the action of the sulphuric 
acid on the zine to proceed until the apparatus was full of hy- 
drogen, or by running a rapid current of carbon dioxide through 
the apparatus before the sulphuric acid was introduced. The 
latter method seemed preferable as it avoids using up the zinc 
and the consequent concentration of the solution with salts, 
which, of necessity, retards the action of the acid on the zinc. If 
any oxygen is allowed to remain in the apparatus, the mirror 
will deposit white, probably due to the formation of the arsenious 
oxide. By this method when the amount of arsenic in the mirror 
was less than o.1 mg. the formation of the mirror was practically 
complete in one hour and often in less time. However, the uni- 
form time of one hour was adopted for each determination. After 
each determination the apparatus was thoroughly cleaned and a 
fresh quantity of zinc added. 

Another generator used with less success was the electrolytic 
type described by Thorpe.! This method, although it is the 
official one in England, we discarded for the reason that samples 
of wine which we found by the Marsh method to contain arsenic 
failed to show even traces by the electrolytic method. Another 
disadvantage is that the arsenic must be in the arsenious con- 
dition before introduction into the generator. 

The preparation of the solution for introduction into the genera- 
tor offers some difficulty, and many methods were tried. Since 
the wine is acid in character, it might be supposed that there 
would be a loss of arsenic by evaporating the sample direct on the 
water-bath and then ashing the residue, as was done in the case 
of the first 100 samples. On evaporation, however, the wine 
loses its acid character and the ash is decidedly alkaline. To 
avoid the volatilization of the arsenic, several methods for de- 
stroying the organic matter were tried.?. It was found imprac- 


1 Loc. cit. 


* Report of Royal Comm. on Arsenical Poisoning, /. Soc. Chem. Ind., 23, 159 (1904). 
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ticable to make the wine alkaline with sodium carbonate before 
evaporation, for the residue, on ashing, chars and fuses before a 
white ash can be obtained. The Chittenden! method was used for 
some time, but was finally discarded for the method finally 
adopted, as the mirrors obtained were not as heavy, and more- 
over it required more time and careful attention. The method 
finally adopted and used in the analysis of 229 samples of wine 
was that which had been used by Newlands and Ling? in deter- 
mining arsenic in coal. In the case of the wines, 50 cc. are made 
alkaline with milk of lime, evaporated to dryness on the sand- 
bath and ignited at a low red heat. The method is very rapid 
and the condition of the ash is all that could be desired. There 
is no fusion or swelling and the method is particularly adapted 
to wines with a high per cent. of sugar. The ash is taken up 
with dilute sulphuric acid (1 to 3) filtered and the filtrate in- 
troduced into the generator. 

Quantitative determinations were made by comparison with a 
set of standard mirrors ranging from 0.01 mg. to o.1 mg. of metallic 
arsenic. These were made by adding the required amount of a 
standard solution of arsenious oxide to 50 cc. of arsenic-free wine 
and allowing this to run in the generator for one hour. Other 
mirrors were made by adding the arsenious oxide solution directly 
to the generator. The tubes were sealed off while the apparatus 
was still running, thus preserving the mirror in an atmosphere 
of hydrogen to insure permanency.* Little difference was dis- 
cernible in the standards prepared by these different methods. 
However, a careful inspection of the mirrors reveals the fact that 
the o.o2 mg. standards are more than twice as heavy as those 
made by the introduction of 0.o1 mg. of arsenic. The increase 
is more regular and uniform in the standards above 0.02 mg. 
We are led to believe that a small amount of arsenic is always 
retained in the generator. This amount seems to be uniform 
and uninfluenced by the amount of arsenic present in the solu- 
tion tested. Perhaps it is retained by the platinum or by small 
amounts of iron which may be present in the zinc. 

Two hundred and fifteen dry red wines, thirteen dry white 
wines and one sweet wine were tested by this method. Fifty cc. 
of the sample were employed in most cases but in a number of 


' Am, Chem. J., 2, 235. 
* Newlands: /. Soc. Chem. Ind., 1901, p. 7363 1904, p. 166. 
3 Loc. cit. 
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instances 300 cc. were used. We consider it a mere coincidence 
that the white wines and the sweet wine examined gave no mirrors, 
and it is to be regretted that the press of other work prohibited 
the examination of more samples. Of the dry, red wines nineteen 
showed less than o.o1 mg. of arsenic per liter and four gave mirrors 
showing the presence of larger amounts. Eighteen of these 
samples were taken from casks and five were bottled wines. We 
have no knowledge of the date of the bottling. Twenty samples 
contained arsenic, and no other unnatural substance was found 
to be present. Five contained arsenic and a coal-tar dye and one 
contained benzoic acid. The four samples highest in arsenic 
calculated as the metal are: 

(1) 0.05 mg. per liter or one part in 20,000,000. 

(2) 0.025 mg. per liter or one part in 40,000,000. Benzoic acid 
also found. 

(3) 0.05 mg. per liter or one part in 20,000,000. Coal-tar dye 
also found. 

(4) 0.013 mg. per liter or one part in 80,000,000. 

The largest amount of arsenic found in wines by Gautier and 
Clausmann! is 0.009 mg. per liter,or about 1 part in 111,000,000. 

In the examination of some 200 samples, representing about 
30,000,000 gallons of wine, C. S. Ash,? has found some samples 
which contain larger amounts. 

There are a number of sources to which it might be possible to 
attribute the introduction of the compounds of arsenic. Some 
of these, which appear to us to be the most probable, we have 
investigated in detail. 

(1) The cultivation of vines on arsenical soils. It is an es- 
tablished fact that certain amounts of arsenic compounds are 
tolerated by plants. Stoklasa* concludes from experiments 
with oats that while arsenic can not replace phosphoric acid in the 
living cell it may increase the development of the organs of 
assimilation in the plant. Pot experiments‘ to investigate the 
absorption of arsenic by barley showed that most of the arsenic 
occurred in the grain. Arsenic was applied at the rate of eleven 
pounds per acre, but the soil itself was found to contain a greater 


1 Loe. cit. 

2 Mr. Ash, chemist of the California Wine Association, has informed us that the 
amounts found in the three samples highest in arsenic are, 1 part in 6,000,000, 1 part in 
8,000,000, and 1 part in 14,000,000. 

3 Ann, Agron., 23, 471; Abst. Expt. Sta. Record, 9, 1028. 

4 Expl. Sta. Record, 14, 346. 
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amount. No data concerning grapes are at hand but it is possi- 
ble that there may be a tendency for the arsenic to accumulate 
in the fruit. Gautier' has found that arsenic occurs in the largest 
proportions in the external covering of animals, the hair, skin and 
nails, and it is possible that the skin of the grape may contain 
larger amounts than the other portions of the plant. If this is 
true, the fact that larger amounts of arsenic were found in the red 
than in the white wines? would be in part accounted for, as the 
red wines are fermented with the skins while the white are not. 

(2) The spraying of vines with arsenical insecticides, a practice 
which we are informed is rarely if ever practiced in California, 
would be a very probable source, especially in regions where there 
is little or no rainfall to wash away the arsenic compounds during 
the season in which the grapes are gathered.* A. M. Peter‘ re- 
ports that appreciable quantities of both copper and arsenic 
were found in tobacco which had been sprayed with Paris green. 
The practice of spreading upon the ground arsenical mixtures® 


for the purpose of poisoning grasshoppers and other insects is 


quite general in some localities. 
(3) The use of sulphuric acid in cleaning vats used in the 


1 Loe. ett. 

2 Mr. Ash has also observed that the red wines show the larger amounts of arsenic. 

’ Ann. Rep. State Vit. Comm. (Calif.), 1887, 82. ‘‘Most of the enemies of the vine feed 
directly upon the foliage—the grasshopper, rabbits, squirrels, army worms, or sphynx- 
moth worm, beetles, scribe, false chinch bug, cut worms, etc. * * * Theold— yes, the 
oldest remedy—Paris green or London purple, known to be destructive generally, has 
been brought into requisition. Extensive experiments have this year been conducted 
* * * to prove that a ‘solution’ of Paris green or London purple—one pound to one 
hundred and sixty gallons of water—may be used to spray the foliage of the vine, while 
the grapes are small, with perfect safety to the consumer of the grapes, wine, or raisins 
produced therefrom. The efficacy of the remedy as a destroyer, is not questioned; but to 
determine whether, in California where the summer rains do not fall, a condition dis- 
similar to that found in sections where the remedy is known—I say whether here, it could 
be used with the same guarantee of safety or not, seemed to me a question important 
enough to merit a trial. It is my pleasure to announce a perfect success; the products, 
grapes and wine, were carefully examined by Professor Rising, state analyst, and proved 
innocuous.” 

4 Ky. Sta. Rep., 1893, p. 14. 

5 W. B. Rising: Loc. c#t. ‘‘Asa final test, I myself picked in spots where the arsenic 
had been used most freely, from thirty to forty pounds of grapes in each of the different 
vineyards. These were examined for arsenic. In none did I obtain more than the 
faintest trace of this substance, an amount absolutely inappreciable, and too small to 
have any perceptible action upon the human body.” “In this examination of the grapes 
they were carefully and repeatedly washed with dilute solution of caustic potash, and 
finally with pure water. The wash-water and alkali were evaporated to a small volume, 
and then tested by Marsh's apparatus for the presence of arsenic.” “A few words of 
caution should be added to what I have said in regard to the use of this deadly poison. It 
is a poison, and this must always be kept in mind. It (referring to arsenic, mixed with 
bran, middlings and syrup, made into a stiff paste and then set upon the ground for the 
purpose of killing grasshoppers) should be gathered up and not left upon the land.” 











1492 H. D. GIBBS AND C. C. JAMES. 


process of fermentation and casks used for storing and shipping. 
Sulphuric acid in its crude form invariably contains arsenic, and 
its use in cleaning vats, tanks, barrels and other wooden vessels 
may easily introduce small quantities of arsenic. 

(4) The use of any substance in the manufacture of which 
sulphuric acid has been employed. This will include some coal- 
tar dyes, some preservatives and glucose. Glucose has in the 
past been a very notable source of arsenic and arsenical poisoning. 
No data are at hand concerning the extent of its use in the wine 
industry. Moreover, since the experience of the brewers in 
England, the glucose manufacturers are very careful to avoid 
arsenical compounds in their process. Our experience would 
lead us to believe that little or no arsenic is introduced by the use 
of coal-tar dyes and the common preservatives, except sulphur 
dioxide, for many of the wines which were found to be artificially 
colored and preserved failed to show any traces of arsenic. 

(5) The use of sulphur in sulphuring casks and wines. T. L. 
Phipson! says that some samples of Naples sulphur contain a 
notable amount of arsenic and that some Silician sulphur is quite 
exempt. Japanese and French sulphurs are found in large 
quantities upon this market, the former in predominating amounts, 
The samples obtained were analyzed in two different ways: first 
by oxidation with fuming nitric acid, heating with sulphuric acid 
to remove the nitric acid and introducing the resulting solution 
into the Marsh apparatus; second by oxidation in a current of 
oxygen. For this purpose a hard glass tube was drawn down 
to a small size and bent to a right angle at the beginning of the 
constriction, so that it could be introduced into an absorption 
bottle, the point dipping below the water which was used to 
absorb the gases. The sulphur was introduced into the tube ina 
porcelain boat and heated gently in the current of oxygen until 
the combustion started, after which no heating was required. 
After the combustion was complete the boat and tube were washed 
with a dilute solution of sodium hydroxide which was added 
to the contents of the absorbing bottle. Aliquot parts of this 
solution were made acid and introduced into the Marsh apparatus 
after the sulphur dioxide was removed either by boiling or by 
oxidation with iodine solution. The reagents used were tested 
by a sufficient number of blank determinations. The two methods 
gave results which agreed in a satisfactory manner. 

1 Chem. News, 83, 61 (1901). 
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Results.—Flowers of sulphur, Japanese. One gram, oxidized 
by means of fuming nitric acid, gave a mirror of 0.2 mg. One 
part arsenic in 5,000 of sulphur. 

Japanese Sulphur.—t1.9162 grams burned ina current of oxygen, 
the resulting solution made up to 300 cc., and 50 cc. portions 
introduced into the Marsh apparatus, gave 0.045 mg. mirrors. 
One part arsenic in about 7,000 parts of sulphur. One gram, 
oxidized with fuming nitric acid, the whole of the resulting solu- 
tion being introduced into the Marsh apparatus, gave a mirror so 
heavy that it could not be accurately estimated quantitatively 
by comparison with our set of standards. A fairly close agree- 
ment, however, was apparent. 

French Sulphur.—1.5586 grams burned in oxygen, the resulting 
solution made up to 250 cc. and 50 ce. portions introduced into 
the Marsh apparatus, gave mirrors of 0.01 mg. One part arsenic 
in about 30,000 parts of sulphur. 

Three other samples analyzed showed smaller amounts of 
arsenic, one sample in particular showing merely traces. 

These sulphurs are made into candles and burned in casks 
before wine is introduced in order to thoroughly disinfect the 
casks, one-half to one candle (containing about 30 grams of 
sulphur) being used to a cask of 62 gallons. After the sulphur is 
burned the cask is sometimes rinsed. In sulphuring the wines, 
in order to stop the fermentation, the sulphur candles are burned 
over the wine which is contained in a vessel only partially filled. 
Much of the sulphur dioxide escapes and is not absorbed by the 
wine but it is possible that all or nearly all of the arsenic present 
in the sulphur, the arsenious oxide being less volatile, will pass 
into the wine. It is difficult to estimate the amount of arsenic 
which may be introduced into the wine by this process. On the 
basis of four sulphur candles containing 30 grams of sulphur 
each and arsenic in the largest proportion (which we found namely 
one part in 5,000) being used for 500 gallons of wine, there would 
be thus introduced into the wine arsenic in the proportion of 
about o.o1 mg. per liter. There is no doubt that these figures 
are not excessive for some wines and in the case of white wines 
the amount of arsenic thus introduced may be double or treble 
this amount. Some of the arsenic which we have found present 
in the wine can thus be accounted for; however, red wines are 
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rarely, if ever, sulphured and one would naturally suppose that 
more arsenic would be introduced in the process of sulphuring 
the wine than in sulphuring the cask and other receptacles. 


(6) The use of clarifying agents (such as isinglass, gelatine 
and compounds of casein with soda) which contained arsenic 
was found! to introduce some arsenic into beer, and it is possible 
that some of the arsenic in wines may be traced to the same 
source. We have made no tests upon any of these substances, 

(7) Yeast which has come in contact with arsenical solutions 
will take up arsenic and carry contamination to solutions in 
which it may afterwards be placed.’ 

(8) The glass of bottles in which wine is aged and shipped 
might be a source of some of the arsenic. Large quantities of 
arsenious oxide are used in the glass industry,’ and this fact has 
suggested the possibility of the introduction of some arsenic 
into wine which has acted upon glass on long standing in the 
bottles. Two bottles of the style in common use, one clear glass 
and one very dark, were tested for arsenic by several methods. 
The bottles were broken into small pieces, sampled, crushed quite 
fine, again sampled and ground in an agate mortar to an im- 
palpable powder. One-gram samples were fused in platinum 
crucibles with fusing mixtures composed of sodium carbonate 
and potassium nitrate, sodium carbonate and potassium carbonate, 
the fused mass dissolved in sulphuric acid (1:3) and introduced 
into the Marsh apparatus. No traces of arsenic could be ob- 
tained from the dark glass, and only the very slightest traces 
from the clear glass. Repeated analyses gave the same result. 
Even though the entire amount of arsenic was not obtained in 
the mirror by this method it is evident that, as a source of arsenic 
in the bottled wines, the glass is not very promising. 

(9) Lead shot used in cleaning bottles may account for the 
introduction of small quantities of arsenic. The practice of using 


1 Loc. ett. 

? Report beer, brewing and other materials, 1900 and 1901, Manchester, Eng., by S 
Delepine. 

3 W. Fresenius: J. Soc. Chem, Ind., 1884, p. 263. 

+ Hovestadt : Jena Glass. Trans., 1902, p. 412. “It is true that the substance put into the 
mixture (glass) is As,O3, but in all Jena glass oxidizing materials (nitrates) are added. 
These convert the lower oxide into the higher during melting, and in the glass as finally 
obtained the As.O; is combined with alkali. Dr. Schott adds that, in many commerciaj 
glasses, such as plate and sheet glasses, As.O3 is employed without the addition of oxidiz- 
ing materials, so that no As,O; can be formed, but he adds that, in his opinion, no arsenic 
then remains in the glass—it is driven off in vapour and exercises no influence.” 
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second-hand bottles is quite prevalent in the wine industry. 
These bottles are almost invariably cleaned by the use of lead 
shot. The peculiar shape of the common wine bottle with its 
hollow bottom, forms an ideal receptacle for the lodgement of 
shot, the dark glass completely masking their presence. The 
lead, which invariably contains arsenic, will in time go into 
solution in the wine and thus introduce some arsenic. The 
largest arsenic mirrors which we have obtained were from the 
first lot of 100 samples almost all of which were bottled wines.’ 
Some of these samples had undoubtedly been in the bottles for a 
number of years; one in particular, which gave an excellent mirror, 
bore an internal revenue stamp of the series of 1898. It is to be 
regretted that quantitative measurements of these mirrors were 
not made, the reason being that a set of standards was not then 
completed, and the mirrors were destroyed on further tests to 
prove the presence of arsenic. However, it is impossible to 
account in this way for more than a part of the arsenic found, 
for nineteen of the samples which were found to contain arsenic 
were taken directly from wooden vessels and remained in bottles 
especially cleaned under our direction, only a short time pending 
analysis. 

(10) The metal pipes and pumps used in conveying the wines, 
and the filters may be the source of some very small quantities. 


SUMMARY AND CONCLUSIONS. 


(1) We find that.arsenic, in small quantities, occurs as an 
accidental ingredient of some wines, and we have undertaken this 
investigation for the purpose of locating the source for the benefit 
of the wine industry. We are confident that as soon as the 
origin is discovered this ingredient will practically disappear as a 
menace. 

(2) Total number of samples examined, 329; number in which 
arsenic was found, 38. 

Of the samples containing arsenic, nineteen were bottled wines 
and nineteen were taken from the cask. 

(3) The largest amounts found and measured quantitatively 


1 Lead was not found in any of the wines. However, if present at any time in the 
wine, it may have been thrown out of the alcoholic solution as lead sulphate. 

2 It has been stated to us, in explanation of the occurrence of the largest amounts of 
arsenic in the older wines, that the use of arsenical sprays was much more common a few 
years ago than at present. 
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are one part in 20,000,000.' The limit of tolerance set by the 
British Commission on Arsenical Poisoning for beer is 0.01 grain 
per gallon, about one part in 7,000,000. This limit as applied 
to wine would undoubtedly be considered too exacting, for wine 
is usually consumed in much less quantities than beer. 

(4) In all probability arsenic does not occur in quantities 
sufficient to ever produce toxic effects; however, much of that 
found can undoubtedly be excluded by care upon the part of those 
engaged in the wine industry. 

(5) The arsenic which is present in some samples of wine can 
not in our opinion be attributed to one source. 

(6) The most probable sources of the major part of that found 
are, arsenical sprays when used upon the vines, sulphur burned 
for the purpose of sulphuring the wines and receptacles, and 
perhaps to some extent the lead shot used in cleaning the bottles, 


1 Subsequent analyses have revealed the presence of larger amounts of arsenic than 
any previous investigations of wines. Nine samples of dry, white California wines, se- 
lected from a winery which furnished us with a sample of sulphur containing arsenic in 
the proportion of 1 part in 5,000, gave the following results : 

Mgs. SOz per liter. Arsenic, 1 part in 


Rie Coke eee Se eS See, Ce 126 25,000,000 
ts a a a er cn ae ae 120 25,000,000 
3; Whiterwine biend .......4 i 6% sa 7 trace 
4. Johannisberger 2... cic ewes 206 10,000,000 
BURN NEN o. sak) a OS CS  @ SS 42 trace 
oe | rr a re . 181 trace 
PION sere. serie eS eG SE He SS 79 15,000,000 
BM or 05 oceania ware de Cenk: Beane le Ry 51 5,000,000 
9. White wine blend ... «268424 77 10,000,000 


It is not certain that all of these wines were treated with the same kind of sulphur. 
Fourteen samples of wines found upon the eastern markets and of eastern manufacture, 
gave varying amounts of arsenic, one sample in particular containing the largest amount 


yet discovered. 


A a Contained salicylic acid. trace 

2. Ivesseedling . . no mirror 
Ss SCAUAWOR. 6.5.6 5s trace 

4. Delaware...... 20,000,000 
5. Virginia seedling . . Contained coal-tar dye and salicylic acid. 20,000,000 
6. Sweet catawba... 15,000,000 
#7, (CatgwDa .. 6s ss 10,000,000 
ee al Sie. ee ee 10,000,000 
9. Catawhe ... 61: Contained salicylic acid. 8,000,000 
10. Ives seedling... 40,000,000 
ae en re 2,500,000 
12. Delaware. «.... + Contained salicylic acid. 20,000,000 
i re trace 

Re ae trace 


Foop LABORATORY OF THE BOARD OF HEALTH, 
SAN FRANCISCO, CALIF. 
September 7, 1905. 
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THE DETECTION, DETERMINATION, AND RATE OF DIS- 
APPEARANCE OF FORMALDEHYDE IN MILK. 
By R. H. WILLIAMS AND H. C. SHERMAN. 
Received October 25, 1905. 

Ir 1s well-known that when very small amounts of formalde- 
hyde are added to milk, the latter is not permanently preserved 
and the color reactions indicating the presence of formaldehyde 
gradually become less distinct, and may finally fail. The sug- 
gestion has frequently been made that milk may be preserved 
for market with such a small proportion of formaldehyde that 
the latter will have disappeared before a sample can be tested by 
the analyst, who will thus fail to detect the adulteration. So 
far aS we are aware, however, no direct evidence of such cases 
has been advanced. Apparently, but little attempt has been 
made to study the disappearance of the formaldehyde by quan- 
titative methods. Smith’ states that if milk containing form- 
aldehyde is kept cool, it may stand one or two days, at least, 
without alteration in the amount obtained on analysis, even 
when the original amount was only 1:50,000. He adds that a 
trial proved that when milk containing formaldehyde is sub- 
jected to a warm and varying temperature, the amount of form- 
aldehyde recovered by distillation is only 55 to 60 per cent. of 
that recovered from the same sample when fresh. On the other 
hand, Rivas? reports that even when kept in a refrigerator, 
mixtures of formaldehyde and milk 1: 10,000 or 1: 20,000 showed 
a marked decrease of the formaldehyde after two days, while if 
only 1: 50,000 was added, the disappearance of the preserva- 
tive was more rapid, being so nearly complete at the end of two 
days that only a weak or doubtful reaction was obtained. At 
higher temperatures the formaldehyde disappeared somewhat 
more rapidly. 

Rivas’ results thus indicate a much more rapid disappearance 
of formaldehyde than was found by Smith. In view of this 
discrepancy and of the fact that preservatives are added to milk 
mainly for the sake of saving the cost of refrigeration, we have 


1 This Journal, 25, 1037 (1903). 
2 Untv. of Penn. Medical Bulletin, 17, 175 (1904). 
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studied the detection and determination of formaldehyde with 
special reference to the rate at which it disappears from milk 
kept at ordinary room temperatures. 


QUALITATIVE DETECTION. 


The hydrochloric acid and ferric chloride test, as developed by 
Leach, has been found very satisfactory in this laboratory. Ten 
cc. of the milk to be tested are mixed, in a porcelain casserole, 
with an equal volume of concentrated hydrochloric acid con- 
taining about 2 mg. of ferric chloride, and the mixture heated 
slowly, rotating the casserole occasionally to insure solution of 
the curd, and finally kept at a temperature just below boiling 
for about a minute, unless a distinct reaction’ is previously ob- 
tained. In the presence of formaldehyde a violet color develops, 
otherwise the solution slowly turns brown. Regarding the 
delicacy of this test Leach states:' ‘‘By this test 1 part of form- 
aldehyde in 250,000 parts of milk is readily detected before the 
milk sours. After souring, the limit of delicacy proves to be 
about 1 part in 50,000.” 

In an experiment to test the question whether the sourness 
of the milk in itself affected the delicacy of the test, we obtained 
two samples from the same source, one fresh and sweet showing 
a total acidity equivalent to 0.18 per cent. lactic acid, the other 
four days old, sour, curdled, and showing an acidity equivalent 
to 0.92 per cent. lactic acid. To each of these samples formal- 
dehyde was added in the proportion of 1: 100,000. On applying 
the test as given above, perfectly distinct reactions were obtained 
in both cases, the test being apparently just as delicate in one 
case as in the other. We therefore interpret Mr. Leach as claim- 
ing, not that the test is less delicate for the detection of formal- 
dehyde in sour milk, but that (1) the delicacy of the test is about 
I: 250,000; (2) when 1 part of formaldehyde is added to 50,000 
parts of milk and the mixture allowed to stand until the milk 
has become sour, enough of the preservative will still be present 
to be shown by this test. We have confirmed each of these 
claims. Sometimes, however, the browning of the heated mixture 
renders indistinct the violet color produced by such minute 
quantities of formaldehyde. In these cases, more satisfactory 
indications are obtained on carrying out the test with the fol- 


1 “Food Inspection and Analysis,” p. 140. 
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lowing slight modification. After heating the milk with the acid 
reagent as described, keeping the temperature just below the 
boiling-point for about a minute, add quickly from 50 to 75 cc. 
of cold water and observe the color carefully at the moment of 
dilution. The purplish violet color, which becomes apparent 
upon dilution, fades very rapidly, so that the advantage of this 
modification is entirely lost unless great care is taken to note 
the appearance immediately upon adding the water. 

The gallic acid test, while less convenient, is, in our experience, 
fully as characteristic as the hydrochloric acid and ferric chloride 
test, and considerably more delicate. The sample of milk to be 
tested is acidulated with sulphuric acid and distilled in the same 
way as for the quantitative determination of the formaldehyde. 
To 5 cc. of the distillate, add 0.2 to 0.3 cc. of a saturated solution 
o! gallic acid in alcohol and float the mixture upon pure con- 
centrated sulphuric acid in a test-tube. In the presence of form- 
aldehyde a blue color develops gradually at the plane of con- 
tact. The reaction is shown distinctly by pure solutions con- 
taining 1:500,000 of formaldehyde, and there is no reason to 
doubt that it is equally delicate when applied to the detection 
of formaldehyde in milk. A sample of milk which originally 
contained 1: 50,000 formaldehyde ceased to give any reaction 
by the hydrochloric acid and ferric chloride test after five days, 
but the distillate subsequently obtained from 30 cc. of this sample 
gave an unmistakable formaldehyde reaction when tested with 
gallic acid. 

QUANTITATIVE DETERMINATION. 


For the determination of formaldehyde, 300 cc. of milk in a 
round-bottomed flask of about 1 liter capacity are acidulated 
with 3 cc. of dilute (1: 3) sulphuric acid and distilled over a small 
rose-top burner until 60 cc. of distillate are obtained. The form- 
aldehyde in this distillate is determined by the potassium 
cyanide method.? About one-third of the formaldehyde® in the 
milk is recovered in this way. 

The following results were obtained upon freshly prepared 
solutions: 

1 Sherman : School of Mines Quarterly, 26, 408 (1905); ‘‘Methods of Organic Analy- 
sis,” p. 228. 

2 Romijn: Z. anal. Chem., 36, 18 (1897) ; Smith: This Journal, 25, 1028 (1903); Wil 


liams : /é7d., 27, 598 (1905). 
8 Leonard and Smith: Analyst, 22, 5 (1897). 
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FORMALDEHYDE IN WATER. 
: 1000 distilled at once ; 36.1 per cent. recovered. 
> 5000 “ec “e ae 36.6 ae “e e 
*10,000 ‘°° be “c 34.0 « ““ ““ 
210) : 
: 40,000 ‘‘after2days; 38.9 “ 


— 


“cc sé 


FORMALDEHYDE IN MILK. 
I : 10,000 distilled at once ; 31.9 per cent. recovered. 
I : 20,000 “<“ “ee oe 34.3 oe oe oe 


These results agree so closely with those obtained by Smith? 
that further tests of the method upon fresh solutions seemed un- 
necessary. 

RATE OF DISAPPEARANCE. 


Quantitative determinations show a gradual disappearance of 
formaldehyde even from its solutions in distilled water, the rate 
of disappearance being more rapid the more dilute the solution. 
For example: 

Solution in distilled water 1 : 1000 after 168 days? showed 99.6 per cent. 


of the formaldehyde originally present. 
Solution in distilled water 1 : 5000 after 168 days showed 56.8 per cent. of 


the formaldehyde originally present. 
Solution in distilled water 1 : 10,000 after 168 days showed Only traces of 


the formaldehyde. 


These determinations were made by the potassium cyanide 
method which has been shown’ to include as formaldehyde any 
paraformaldehyde which may be present. Hence the low figures 
obtained upon the more dilute solutions show an actual destruc- 
tion, and not merely a polymerization of formaldehyde. In the 
experiments upon the disappearance of formaldehyde in milk, 
parallel determinations upon water solutions of the same con- 
centration have been made by the distillation method described 
above, distilling until the distillate measures one-fifth the volume 
of sample taken. 

The principal results obtained in studying the rate of dis- 
appearance of the formaldehyde are given in the following tables, 
the first of which shows the figures obtained by the approxi- 
mately quantitative method outlined above, while the second 
shows the intensity of the color reactions obtained by the hydro- 


1 This Journal, 2§, 1036 (1903). 
2 The bottles containing these solutions had been opened several times. 
Wi liams : This Journal, 27, 598 (1905). 
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chloric acid and ferric chloride test, at different intervals after 
adding the formaldehyde to the milk. The account of experi- 
ments by Bigelow’ indicating a somewhat more rapid disap- 
pearance of this reaction was received during the writing of this 


paper. 


DISAPPEARANCE OF FORMALDEHYDE AS SHOWN BY APPROXIMATELY 
QUANTITATIVE ESTIMATIONS. 


Proportion of original formaldehyde 


recovered in estimated 
Distilled distillate to have 
Series Description of after (one-fifth volume). disappeared. 
No. sample. standing. Per cent. Per cent. 
1. Formaldehyde added to: 
Milk I : 10,000 2 days 25 38 
is I : 20,000 a 23 42 
ba I : 40,000 mz. fe) 75 
Water I : 40,000 ma 39 — 
Milk I : 10,000 Ay 20.5 48 
es I : 20,000 as 39 go 
“g I : 40,000 “a ss Trace (Nearly all) 
Water I : 40,000 7 36 8 
oe I : 40,000 C 25 38 
ws I : 40,000 18 “ 16 60 
+ I : 40,000 25 4S 10 75 
2. Formaldehyde added to: 
Milk I : 10,000 17-25 days 5-6 85 
Water I : 10,000 mS 37 5 
3. Formaldehyde added to: 
Fresh milk I : 1000 ty 21 43 
Sour milk I : 1000 13g, * 20 45 
Water I : 1000 149 ‘‘ 39 os 
Fresh milk I : 5000 a7 * 3.9 go 
Sour milk I : 5000 rn 3.1 92 
Water I : 5000 r56 °° 22 42 
4. Formaldehyde added to: 
Diluted milk? 1 : 20,000 I day 2 25 
Water I : 20,000 Ir days 2 25 
Diluted milk? 1 : 40,000 I day ¥ 25 
Water I : 40,000 11 days . 45 


1 Bull. 90, Bur. Chem,, U. S. Dept. Agriculture. 

2 Milk diluted with an equal volume of distilled water. 

3 Figures not comparable with those given in this column on account of differences in 
experimental methods, 
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DISAPPEARANCE OF FORMALDEHYDE IN MILK AS INDICATED BY COLOR 
REACTION WITH HYDROCHLORIC ACID AND FERRIC CHLORIDE. 


Formaldehyde 
added in propor- Tested after Reaction 
tion of standing. obtained. Condition of sample. 
I : 250,000 1, hour Fair Fresh 
I : 250,000 2 days None Very sour, completely curdled 
I : 100,000 1, hour Strong Fresh 
I : 100,000 2 days Faint Sour and curdled 
I : 100,000 ig “eet ? Curd separated 
I : 50,000 ar AS Fair Sour and curdled 
I : 50,000 ie SS ? Curd largely separated 
I : 40,000 A Fair Sour 
I : 40,000 i “* Faint Curdled and separated 
I : 20,000 le Strong Curdled, very sour, some gas 
I : 20,000 46 ‘ Faint Curd dissolving 
I : 20,000 66 * “ ms RS 
I : 20,000 216 “* None Curd mostly dissolved 
I e 15 000 150 ce “ec “ec ae “ec 
. ’ 
I : 10,000 46 ‘ Distinct Sour and curdled 
I * 10,000 66 ce ce ae ce ce 
ne ’ 
I : 10,000 o16. Faint Curd largely dissolved 
I : 5000 216: “* Strong Curdled 
I: 1000 (A) 350 ‘ - Normal 
1: 1000 (B) 15 months ef Slight evidence of digestion 
I : Iooo! (C) 3 years Distinct Curd largely digested 
t:z000'(D) 3 “ None “ s9 ee 
x: 1000! (E) 4 “6 ““ 66 “c “6 
1 : 800! gz we Distinct * es ey 
I : 600! ig Strong Loose precipitate of curd, no 


apparent digestion 


SUMMARY OF PRINCIPAL RESULTS. 


By the method here used an approximate estimation of form- 
aldehyde in milk can be made at any concentration greater 
than 1:160,000 and the rate of disappearance can be studied 
quantitatively until this dilution is reached. 

Aqueous solutions containing 1: 5000 to 1: 40,000 of formal- 
dehyde lost strength steadily on standing at room temperature, 
the loss increasing with the dilution and being due to an actual 
destruction and not merely to polymerization of the formal- 
dehyde. 

Formaldehyde added to milk in such proportions as are most 
likely to be used commercially (1: 10,000 to 1: 40,000), disap- 
peared ten to twenty times as rapidly as from water solutions 


1 In these cases the amount of formaldehyde added is only approximately known. 
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of the same concentration. Thus formaldehyde added to dis- 
tilled water in the proportion of 1: 40,000 had diminished to 
1: 160,000 in twenty-eight days, while in a parallel experiment 
with milk it showed the same diminution in two days. 

Stronger solutions are much more stable. Formaldehyde in 
water 1: 1000 showed no appreciable loss in five months. The 
rate of disappearance of formaldehyde from milk containing 
I: 1,000 was practically the same as from water containing 
I: 5,000. 

The rate of disappearance did not seem to be affected by 
allowing the milk to become sour before adding the formalde- 
hyde. 

The hydrochloric acid and ferric chloride test for formalde- 
hyde in milk is sensitive to a dilution of 1: 250,000. Sourness 
of the milk does not in itself diminish the delicacy of the reaction, 
but when milk is preserved by means of formaldehyde the latter 
will have largely disappeared before the milk becomes sour. 
In all of the cases here studied, however, distinct reactions were 
obtained at least as long as the milk remained sweet and of nor- 
mal appearance. That these results indicate a less rapid dis- 
appearance of formaldehyde than was found by Rivas or by 
Bigelow is thought to be due mainly to the greater delicacy of 
the test as modified for our experiments, though doubtless differ- 
ences in laboratory temperature and in the nature of the milk 
used may also have affected the results. 

The gallic acid test is much more delicate than the hydro- 
chloric acid and ferric chloride test and gives more conclusive 
results with samples which have stood until the formaldehyde 
has largely disappeared. 


QUANTITATIVE LABORATORY, COLUMBIA UNIVERSITY, 
NEW YORK, October, 1905. 


THE PHOSPHATES OF CALCIUM. I.' 
By F, K, CAMERON AND A, SEIDELL. 
Received October 16, 1905. 

WHEN the phosphates of calcium are brought into contact with 
water they are partially decomposed, owing to hydrolysis. At 
ordinary temperatures this decomposition generally proceeds 
at a very slow rate, and in consequence equilibrium conditions 


! published by permission of the Secretary of Agriculture. 











1504 F. K. CAMERON AND A. SEIDELL. 


have probably been attained in but very few of the experiments 
which have been described hitherto. 

The purpose of this investigation was to determine the com- 
position of the resulting solutions and the solids in contact with 
them in the system water (H,O), lime (CaO), and phosphoric 
acid (P,O;), under conditions of final equilibrium at a definite 
temperature and throughout a wide range of concentration. 
The temperature selected was 25°, and the concentration of 
phosphoric acid (P,O,;) varied up to nearly 540 grams per liter of 
solution, the concentration with respect to lime varying in con- 
sequence to a maximum of 77 grams per liter. 

Several series of solutions were prepared by adding so-called 
tricalcium phosphate, dicalcium phosphate or monocalcium 
phosphate to solutions of phosphoric acid. After prolonged 
standing or heating, the containing bottles were rotated for some 
time in a water-bath kept at a constant temperature. When the 
contents of the bottles were to be analyzed, they were allowed 
to stand until the solid material had settled. A weighed amount 
of the solution was made up to definite volume and aliquot portions 
were taken for analysis. By subtracting the sum of the weights 
of the lime and phosphoric acid contained in a given volume of 
solution from the total weight of the solution, the weight of the 
water present was determined. 

In the analyses the lime was determined by taking an aliquot, 
adding a large excess of ammonium oxalate and heating to incip- 
ient boiling. Ammonia water in excess was then added and the 
solution kept for some time on the hot plate at a temperature 
just below boiling. If the solution remained turbid, more ammo- 
nium oxalate was added until it was certain that this salt was 
present in excess, and a granular precipitate settled to the bottom 
of the vessel, leaving a clear supernatant solution. When it 
appeared necessary, the filtered and washed calcium oxalate was 
redissolved and again precipitated in the usual way. In this 
way a Satisfactory separation of the phosphoric acid from the 
lime was effected and the latter was then determined in the 
usual manner, weighing as oxide. The phosphoric acid was 
determined by the volumetric method of the Association of 


Official Agricultural Chemists.? 
1 Bull. No. 46, Division of Chemistry, U. S. Dept. Agriculture (1899), p. 11. 
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As equilibrium is reached at quite a slow rate, several series 
of mixtures were made by different methods. 

Series A.—To solutions of phosphoric acid of concentrations 
up to about 200 grams per liter, Kahlbaum’s tricalcium phosphate 
was added until a solid residue was left which did not dissolve 
even after long standing. 

Series B.—To solutions of phosphoric acid of the above con- 
centration dicalcium phosphate was added until a solid residue 
was left. 

Series C.—Monocalcium phosphate containing an excess of 
phosphoric acid was added to water until a solid persisted. The 
results of this last series have already been published.’ Owing 
to a typographical error in misplacing a decimal point the results 
for calcium, as printed, are one-tenth the correct value. Making 
the correction, it is possible to calculate approximately, from 
the data given, the ratio of phosphoric acid to calcium in the solid 
residue, although exact ratios cannot be calculated since the 
specific gravities of the solutions were not determined. 

The identification of the solid phases in contact with the solu- 
tions was an essential feature of the investigation. For this 
purpose microscopic examinations were made in some instances, 
but the chemical analyses were made in all cases. The solids 
could not be separated from the adhering solution, and so portions 
of the solids, together with the adhering liquid, were removed, 
weighed and analyzed for the amounts of lime and phosphoric 
acid present. The water was then known by difference. The 
composition of the solid phases in contact with the solutions was 
determined by an algebraic formulation. 

Suppose P to represent the total phosphoric acid found in the 
solid residue and adhering solution, P, the phosphoric acid actually 
in the solid, P, the phosphoric acid dissolved in the adhering solu- 
tion, and L, L,, L, the corresponding values for lime. Then 

PaP +h, (1) 
and 
L=L,+1,. (2) 

Suppose W represent the total water found in the solid and 
adhering solution, W, the water combined in the solid, and W, 
the water in the adhering solution. Then 

W=W,+ W.,. (3) 


! This Journal, 26, 1454 (1904). 
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If the ratio between the water and the phosphoric acid in the 
solid W,/P, be taken as m and the ratio to lime W,/L, be taken as 
n (mand n being constants readily calculated from the formula of 
the substance) then substituting in (3), it follows that 


W,=W—wm P, (4) 
or 
W,=W—n L,. (5) 
Then 
P, P; 
W, "Ww. (6) 
and 
lL, kl, 
WwW, W,’ (7) 


where P,, L, and W, represent the phosphoric acid, lime and water 
respectively in any given volume of the supernatant solutions, 
whose compositions have been determined. Substituting (1) 
and (4) in (6), it follows that 

P—P, P, 


W—mP, ' W; 


whence 
PW,—P,W 
ae eer (8) 
W,—mP, 
and similarly 
LW,—L,W 
(9) 


2,” 
The absolute values of P, and L, are of little interest, but their 
ratio will determine the nature of the solid in the residue, hence 


P, (PW,—P,W) (W,;—nLs) 


Ly 7 (W,—mP,) (LW,—L,W)’ 

For monocalcium phosphate [CaH,(PO,),.H,O], n=0.9643, 
m=o0.3800 and P,/L,=2.5; for dicalcium phosphate (CaHPO,. 
2H,O), n=0.8035, m=0.6338 and P,/L,=1.3; for tricalcium 
phosphate [Ca,(PO,),], ~ and m disappear and P,/L,=0.85. 
These ratios are sufficiently wide apart in magnitude to make 
the identification of the corresponding phosphates an easy matter, 
and consequently in applying the above formula to the experi- 
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mental data only four-place logarithms were used and in the tab- 
ulated results the ratios are given only to the first decimal place. 

It will be seen from the table that the analyses of the solid 
phases in contact with the solutions yielded a constant ratio 
(P,0,: CaO) of about 1.3, which is the ratio for dicalcium phos- 
phate, CaHPO,.2H,O. That equilibrium conditions had been 
realized was assured, for in Series A the solid initially added to 
the acid solutions was tricalcium phosphate, and finally the solid 
was dicalcium phosphate; and in Series C the solid initially used 
was monocalcium phosphate, and finally the solid was dicalcium 
phosphate; while in Series B, dicalcium phosphate was dissolved 
in phosphoric acid solution and the solid in excess again proved 
to be dicalcium phosphate. Thus starting from solids in which 
the ratio of P,O,; to CaO is greater than, equal to, or less than 1.3, 
the ratio finally obtained in all cases was 1.3, showing that a solid 
containing P,O; to CaO in this ratio is the stable phase in each 
case, and it is safe to conclude that dicalcium phosphate is the 
solid phase over the range of concentration in the three series. 
It should be further pointed out that the points on the diagram, 
in which the abscissas are CaO per liter and ordinates P,O, per 
liter, all lie on a smooth curve, another indication that equilib- 
rium had been reached. 

Two further series of solutions were prepared, using more con- 
centrated solutions of phosphoric acid than those employed in 
the first three series. In one case, Series D, the solid added 
initially was monocalcium phosphate, while in the other case, 
Series E, the solid added was dicalcium phosphate. The analyses 
of the solid phase show that in every case it was undoubtedly 
monocalcium phosphate [CaH,(PO,),.H,O], the ratio of P,O, to 
CaO varying but little from the calculated ratio 2.5. That 
equilibrium had been reached was indicated by the fact that the 
points obtained from two differently prepared series all lay on a 
smooth curve; also in Series D monocalcium phosphate goes into 
solution as such and the solid phase remaining has the same 
composition as the solid originally added, while in Series E there 
is a complete change in the composition of the solid from di- 
calcium phosphate to monocalcium phosphate. 

The results obtained from the several series are given in the 
following table, and the concentrations of the solutions are rep- 
resented in the accompanying chart. 
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COMPOSITION OF AQUEOUS SOLUTIONS OF LIME AND PHOSPHORIC ACID. 


_ CaO per P.O; per Ratio 
: liter solution. liter solution. P2,0;/CaO 
Series. Grams. in solid. 


.91 4.69 
.48 22.39 
.10 23.37 
57 36.14 
.88 41.24 
77 59-35 
«25 63.03 

“gi 75. 

69 79: 

41 109. 

.9O 129. 

139. 

.89 142. 

Bo 154. 

.76 IgI. 

«52 216. 

+40 234. 
gl 279 
+30 351. 
<33 361. 
.46 380. 
“53 395. 
95 419. 
25 424. 
-74 428. 
-59 451 
-78 475. 
«52 505. 
.86 528. 
538. 
When the results for concentrations in solution are plotted 
(see Fig.) it will be seen that they fall upon two curves. The curve 
representing the series of solutions in contact with dicalcium 
phosphate as solid phase, shows an increasing concentration of 
lime with increasing concentration of phosphoric acid, while on 
the contrary the curve representing the series of solutions in con- 
tact with monocalcium phosphate as solid phase, shows a de- 
creasing concentration of lime with increasing concentration of 
phosphoric acid. Both curves approximate straight lines, al- 
though there is evident a slight curvature in the one representing 
the solutions in contact with dicalcium phosphate. The inter- 
section of the two curves at which point both mono- and dical- 
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cium phosphate are stable solid phases in contact with the 
solution, is found by interpolation to represent a concentration 
of approximately 77 grams lime and 317 grams phosphoric acid 
per liter of solution, the solution having a specific gravity of ap- 
proximately 1.29 as compared with pure water at the same tem- 


perature. 
It has been noted by many investigators that when mono- 


calcium phosphate is added in large amount to water, agitation, 
long standing, or rise of temperature will cause a precipitate 
of dicalcium phosphate to form. This fact suggests the possi- 
bility of monocalcium phosphate existing in meta-stable equi- 
librium in contact with a solution containing less phosphoric acid 
than that required by the triple point as charted. Experiments 
showed that such meta-stable conditions could be obtained 
rather readily, but no attempt was made to see how far the mono- 
calcium curve could be extended. 

The two dotted lines on the diagram indicate the systems in 
which the ratio P,O;:CaO is the same as in the compounds 
CaHPO, and CaH,(PO,),, respectively. The line A does not cut 
the curve representing the solution in equilibrium with solid 
dicalcium phosphate and hence it is impossible at the temperature 
25° to obtain a solution in equilibrium with a solid of the com- 
position CaHPO,.2H,O. On the other hand, the line B cuts the 
.curve representing the solutions in equilibrium with monocalcium 
phosphate, but the point of intersection is in a field unstable with 
respect to dicalcium phosphate. It is therefore possible, theo- 
retically, to obtain a solution of monocalcium phosphate in 
equilibrium with monocalcium phosphate of the composition 
Call (PO,), 55,0. 

Tricalcium phosphate, when brought into contact with water, 
always gives a solution with an acid reaction,’ this fact having 
been observed many years ago by Warington.? Repeated wash- 
ing of the solid residue finally leaves a product which yields a 
solution neutral to litmus, but containing a smaller ratio of P.O, 


1 Apatite, of which a number of specimens from different sources have been exam- 
ined, always gives a solution with an alkaline reaction. But many specimens of South 
Carolina and Tennessee rock phosphate give solutions with acid reaction to litmus, as 
does also the precipitated product of the laboratory. It is further worthy of note that 
when these phosphates which give an acid solution are powdered or precipitated ina 
finely divided form and are shaken up with a solution of litmus, on settling they carry 
down all the coloring-matter with them, leaving the supernatant solution clear and color- 
less, though still quite acid, as can be seen by adding more litmus to the decanted liquor. 

2 J. Chem. Soc., 26, 983 (1873). 
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to CaO than that required by the formula Ca,(PO,),. It is 
possible to precipitate products containing still smaller ratios of 
P,O, to CaO which yield solutions containing more lime than 
phosphoric acid and which are alkaline to such indicators as 
litmus or phenolphthalein. Some preliminary attempts were 
made to follow the solubility curve for lime in solutions of phos- 
phoric acid of lower concentrations than are given in the table, 
but owing to the length of time required to reach conditions of 
equilibrium and the analytical difficulties involved, the reliability 
of the results obtained was open to doubt and consequently this 
work was postponed for a separate investigation. Some idea as 
to the concentrations below which tricalcium phosphate might 
exist as a Stable solid phase was, however, obtained. 

A rather dilute solution of sodium phosphate, alkaline to 
litmus or phenolphthalein, was added to a dilute neutral solution 
of calcium chloride. After the addition of the first drop or two 
of the alkaline phosphate solution, the neutral calcium chloride 
solution became acid, and became more and more acid on further 
addition of the alkaline solution, as indicated by the color of the 
added litmus, up to a certain point, then gradually less and less 
acid, finally becoming alkaline. The points at which the maxi- 
mum acidity was reached and at which the solution passed from 
acid to alkaline could not be sharply determined. The pre- 
cipitated solid obtained by adding various amounts of the phos- 
phate solution to a definite volume of the calcium chloride solu- 
tion was always found to be dicalcium phosphate whenever the 
resulting supernatant solution possessed an acid reaction. When 
the supernatant solution was alkaline, however, the precipitate 
always contained a larger proportion of lime than is required by 
the formula for tricalcium phosphate. It became evident, there- 
fore, that either tricalcium phosphate can exist under equilibrium 
conditions in contact with water over but a very narrow range of 
concentration or that it exists only as a metastable form in con- 
tact with water at room temperature, although the rate of change 
toa more stable form is probably quite slow. 

The results given in the foregoing paragraphs have a special 
significance for agricultural investigations. It is generally held 
that monocalcium phosphate is the form contained in super- 
phosphates or ‘‘acidulated”’ phosphates, and that the dicalcium 
phosphate is the salt of ‘‘reverted”’ phosphates. It is evident, 
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however, that no such concentration of the soil moisture with 
respect to phosphoric acid can be attained as is necessary for the 
continued existence of monocalcium phosphate, and that it must 
promptly and quite completely ‘‘revert”” when added to the soil. 
It is obvious, therefore, that the relative values of the two phos- 
phates as manures can not be entirely accounted for by the 
marked difference in their respective solubilities and consequent 
‘availability,’ as has often been supposed. 


BUREAU OF SOILS, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


THE PHOSPHATES OF CALCIUM. II.1 
By F. K. CAMERON AND J. M. BELL. 
Received October 16, 1905. 

In THE foregoing paper the equilibrium conditions in the 
system lime (CaO)-phosphoric acid (P,O;)-water, have been 
found for solutions which are comparatively quite concentrated 
with respect to both lime and phosphoric acid. It has been 
shown that for concentrations of P,O; above 317 grams per liter 
the stable solid phase at 25°C. is monocalcium phosphate, and 
below that concentration down to 20 grams per liter the solid 
phase is dicalcium phosphate. The object of the present in- 
vestigation was to find the equilibrium conditions for still lower 
concentrations of phosphoric acid and of lime and, especially in 
view of some preliminary experiments by Dr. Seidell, to find 
‘ whether there might be a series of solutions, all of which can exist 
in equilibrium with tricalcium phosphate. 

Several series of solutions were prepared by adding lime-water 
(Series M) or dicalcium phosphate (Series N) to solutions of phos- 
phoric acid. The containing bottles were rotated in a constant 
temperature bath for about three months. After the analyses 
of the solutions had been made, it was found that between the end 
solutions of the foregoing paper and the most concentrated solu- 
tions of the present series there was a very large range for which 
there were no data. Another series (Series P) was prepared by 
adding dicalcium phosphate to somewhat more concentrated 
solutions of phosphoric acid than had been used in Series N. 
These solutions were rotated in the constant temperature bath 


1 Published by permission of the Secretary of Agriculture. 








= 


cl 











THE PHOSPHATES OF CALCIUM. 1513 


for about ten weeks during the past summer. The temperature, 
however, was often somewhat above 25° and it was impossible 
to keep it constant. Possibly for this reason, the solutions were 
somewhat richer in lime than would be expected from the ex- 
trapolated curve in the foregoing paper. 

The method of analysis for lime and phosphoric acid has been 
recently given by Jarvinen.t The sample for analysis is added 
slowly to a boiling solution of oxalic acid and ammonium oxalate 
(10 cc. N ammonium oxalate and 5 cc. 2N oxalic acid diluted to 
50 cc.), and then a 1 per cent. ammonia solution is added, drop 
by drop, to alkalinity. The precipitate of calcium oxalate is 
filtered, washed, dried, and ignited in the usual way. The filtrate 
is analyzed for phosphoric acid by the usual ammonium-mag- 
nesium phosphate method. 

No correction was made for the small quantities of solution 
which adhered to the solid, and as the solutions were very dilute 
and were removed by means of suction this error is very small. 

The results obtained from the several series are given in the 
following table: 


COMPOSITION OF AQUEOUS SOLUTIONS OF LIME AND PHOSPHORIC ACID 


CaO per P.O; per Ratio: 
‘ liter solution. liter solution. _ P20;/CaO 
No. Series. Grams. Grams. in solid phase. 
I P 7. 6¥. 19.96 ¥.3 
2 | 2 6.51 16.52 ¥2 
3 P 5.01 12.82 523 
4 P 3.42 8.16 Eg 
5 P 242 5.75 2 
6 I 2 1.58 3.66 1.2 
7 N 0.544 1.516 r.2 
8 N 0.400 1.108 Eo! 
9 N 0.291 0.773 Eo 
fe) N 0.232 0.662 But 
II N 0.145 0.381 1.0 
12 M 0.062 0.109 0.9 
13 M 0.049 0.088 0.9 
14 M 0.034 0.015 0.8 
15 M 0.587 0.013 0.4 
16 M 0.789 0.012 0.4 


The ratio of P,O;/CaO in dicalcium phosphate, CaHPO,, is 
1.27 and the first six solutions in the table evidently represent 
solutions in equilibrium with that solid. Solutions 7 to 14 in- 
clusive are in equilibrium with a solid phase for which the ratio 

1 Z, anal. Chem., 43,559 (1904). 
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P,O;/CaO varies from 1.17 to0.85. The solid phases over this range 
are evidently solid solutions. Solution 14 contains only 15 parts 
per million of P,O; and 34 parts per million of lime, and it will 
be noticed that the ratio P,O,/CaO in the solid phase is 0.85. This 
ratio for tricalcium phosphate [Ca,(PO,),] is 0.84. Solutions 
15 and 16 show markedly alkaline reactions to phenolphthalein, 
solution 13 an acid reaction, while solution 14 was almost neutral. 
Thus if lime-water is just neutralized with phosphoric acid and 
then if equilibrium conditions are obtained, the solid phase will 
be tricalcium phosphate or a solid solution of almost the same 
composition. The analytical methods are not delicate enough 
to determine whether there is a range of solution in equilibrium 
with tricalcium phosphate, although it may be stated that such a 
range would be extremely small in extent. 

For very low concentrations of phosphoric acid there is quite 
a large quantity of lime in solution, while the solid phase here 
again is undoubtedly a solid solution. One of the solids com- 
prising the first solid solution may safely be assumed to be di- 
calcium phosphate, but it is impossible to say what the other 
solid is. In the case of the second series of solid solutions one 
solid is lime. It may be, too, that there is only one series ex- 
tending over the whole range, in which case the solids are di- 
calcium phosphate and lime. 

Theoretically, there should be a point of intersection of the 
curve along which the solid is dicalcium phosphate and that along 
which the solid is the solid solution. At that point we should have 
present dicalcium phosphate, the solid solution of the limiting 
composition, liquid and vapor, and with the temperature fixed 
there would be an invariant point. It may be seen from the 
table that the composition of the limiting solid solution is quite 
close to that of dicalcium phosphate, and the analytical diffi- 
culties have made it impossible to determine the exact com- 
position of the solid solution. The table shows, however, that the 
ratio P,O,/CaO in the limiting solid solution must be above 1.10 
and below 1.27, and it shows that the composition of the liquid 
solution at that point lies between 0.40 and 0.54 gram CaO per 
liter, and between 1.11 and 1.52 grams P,O, per liter. 


BUREAU OF SOILS, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D.C. 
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THE ACTION OF NITRATE OF SILVER ON DISODIUM 
ORTHOPHOSPHATE IN DILUTE SOLUTION. 
By WILLIAM ROBERT LANG AND WILLIAM PEROT KAUFMANN. 
Received July 14, 1905. 

THE generally accepted text-book expression for the reaction 
which takes place between solutions of disodium orthophosphate 
and nitrate of silver is given as being 
(1) Na,HPO, + 3AgNO, = Ag,PO, + 2NaNO, + HNO,, 


142.1 509 
indicating the complete precipitation of phosphoric acid as a 
silver salt and the setting free of nitric acid. 

From the molecular weight in (1) it will be seen that 1 gram of 
disodium orthophosphate should react with 3.57 grams of silver 
nitrate. 

In order to determine the correctness of this expression, deci- 
normal solutions of these were made up and the phosphate titrated 
with the silver nitrate, using potassium chromate as an outside 
indicator. As the result of from 200 to 300 determina- 
tions it was found that the ‘‘end-point” of the reaction, as 
indicated by the first appearance of the red silver chromate, 
invariably occurred when an amount of silver solution had been 
added corresponding to the proportion of 1 gram of disodium 
orthophosphate to only 1.447 grams of silver nitrate. These 
proportions would indicate that a reaction had taken place as 
expressed by the equation 
(2) 2Na,HPO,+ 3AgNO,=Ag,PO,+ NaH,PO,+ 2NaNO,. 


Ostwald, in his ‘‘Scientific Foundations of Analytical Chemistry” 
(second English edition, 1900), on page 204, gives this equation 
(2) as being probably the more correct expression of the reaction 
taking place between these substances, but adds that, ‘‘.......... 
it no doubt also fails to express all that goes on.”’ 

The analyses of types of the resulting silver phosphates may 
be tabulated as follows: 

The figures in column (e) comparing the even with the odd, 
show that a greater yield of precipitate is obtained from the neu- 
tralized solutions than from those reacting acid, and a comparison 
of the yield of precipitate obtained and calculated in the case of the 
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neutralized solution makes it evident that even in such menstrua 
the phosphate enters appreciably into solution. 

It will be seen from (1) and (2), which are typical of a large 
number of determinations, that the ‘‘end-point”’ occurs at a stage 
in the reaction where only a partial separation of the phosporic acid 
as the silver salt has taken place. The resulting solution is acid to 
litmus, which acidity is due to the dihydrogen sodium ortho- 
phosphate; no free nitric acid could in any case be detected at 
this stage. It is evident, however, from these determinations 
and from Nos. 3, 4, 5 and 6 that equation (2) only expresses 
accurately what takes place when silver nitrate is added to di- 
sodium orthophosphate and the completion of the reaction 
taken as being indicated by the first formation of argentic chro- 
mate. 

As from these results it was evident that there remained a con- 
siderable quantity of phosphoric acid in combination as (presuma- 
bly) dihydrogen sodium orthophosphate, silver nitrate was added 
in excess to effect its complete precipitation, if possible, and the 
precipitates analyzed. The results are expressed in percentages 
of silver which was determined first of all gravimetrically, but 
later on Volhard’s method was substituted on account of the 
close agreement of the gravimetric estimations. The only one 
of the percentages in column (7) which accurately corresponds 
to the substance Ag,PO, is No. 6, the others showing a deficiency 
in their silver content of from 0.4 to 1.54 per cent. But in the 
earlier stages of this investigation in four cases precipitates were 
obtained which yielded, on analysis, respectively: 


Silver. 
Per cent. 
(1) “*End=pomt” reactions s.c, .sceso<scsaesssccess 73.76 
(2) ‘‘End-point overstepped ..............s0ecceeee 74.19 
(3) Large excess of silver nitrate................. 73.88 
(4) Deficiency of silver nitrate................ ... 73.62 
ASO A Reve acsns as -cctvesscckssenssaasone 73.862 


These precipitates evidently correspond exactly to the formula 
Ag;H(PO,), which contains 73.86 per cent. of silver. The others 
in Table I, numbered (1) to (5), lie between somewhere Ag,PO, 
with 77.32 per cent. and Ag;H(PO,), with 73.86 per cent. of silver. 

The following table contains the percentage of silver found in a 
number of precipitates obtained under similar conditions of 
temperature and concentration, but in different total quantities 
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of the reacting salts. We have found it so far impossible to pro- 

duce at will the phosphate of any desired composition but hope 

that further investigation will enable us to accomplish this. 
TABLE II.—SILVER CONTENT IN PERCENTAGES. 


73 per cent. and 75 per cent. and 76 per cent. and 77 per cent. 
below 74 percent. below 76 percent. below 77 percent. and above. 


73-49 75-34 76.47 77-01 
75-23 76.17 
75-95 76.77 
75-01 76.47 
75-78 76.25 
76.70 
76.43 
76.52 


76.35 
76.82 


76.57 
76.96 
76.25 
76.23 
It will be seen from this that the most commonly occurring 
precipitates nearly approach that of the composition Ag,PO, but 
not quite. 
Having obtained the ‘‘end-point”’ with potassium chromate 
(the reaction expressed by 
2Na,HPO,+ 3AgNO, =Ag,PO,+ NaH,PO,+ 2NaNO,), 
and having filtered off the precipitate, an excess of silver nitrate 
was added, causing further precipitation of a phosphate contain- 
ing 76.25 per cent. to 76.5 per cent. of silver. The filtrate from 
this further precipitate was found to contain free nitric acid and 
also responded to tests for phosphoric acid. Following the 
equation given above, it would seem that the dihydrogen 
sodium phosphate reacted further with the silver nitrate possibly 
in accordance with the following equations: 


(3) NaH,PO,+ AgNO, = AgH,PO,+ NaNO,, 

(4) AgH,PO,+ AgNO, = Ag,HPO,+ HNO,, 

(5) Ag,HPO,+ AgNO, =Ag,PO,+ HNO,. 

Combining these equations there would be obtained the ex- 
pression 

(6) NaH,PO,+ 3AgNO, =Ag,PO,+ NaNO, + 2HNO,, 


which does not account for the presence of phosphoric acid in 
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the filtrates; but if (4) and (5) are coupled, the precipitate will 
have the composition Ag;H(PO,), which was obtained in the 
four cases previously quoted, the production of which can be 
expressed by the equation 
(7)  2Na,HPO,+5AgNO,=Ag;H(PO,),+4NaNO,+HNO,. 
Es 
Ag,PO,.Ag,H PO, 

For an expression which would account for the presence in the 
filtrate from the complete (?) precipitation of the silver, of both 
nitric acid and of phosphoric acid the following is suggested: 

(8) 4Na,HPO,+6AgNO, = 2Ag,PO,+ 4NaNO,+HNO,+H,PO, 

It would appear then that the reaction between silver nitrate 
and disodium orthophosphate takes place in several distinct stages, 
and that the formation of a phosphate containing about 76 per 
cent. of silver is the most constant resultant. Also that free 
nitric acid and phosphoric acid remain in the solution from which 
no further precipitate can be obtained on the addition of the nitrate. 
It is our intention to further investigate this matter specially 
as regards the quantitative composition of these filtrates with a 
view to determining whether or not the last six equations sug- 
gested (Nos. 3 to 8) adequately express the reaction. 


THE CHEMICAL LABORATORIES, 
THE UNIVERSITY OF TORONTO. 


[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY, DEPARTMENT OF 
AGRICULTURE, NO. 59. ] 
A CONSTANT TESPPERATURE BATH FOR LOW TEM- 
PERATURES. 
By A. GIVEN. 
Received October 12, 1905. 

THE usual temperature at which specific gravity determina- 
tions are made is 15.6° C. (60° F.), and it was for this temperature 
that this bath was primarily intended, and at which the bath has 
been used, though modifications of it are in use at 20°C. The 
advantage of such a bath lies in the fact that the whole body of 
the pycnometer is immersed, after cooling to 14° C. or below, and 
therefore rises to the desired temperature more quickly and 
uniformly than in any other way. Moreover, the pycnometer 
can be left in the bath as long as may be desired without change 
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Fig. 1. Section on line A-B. 





of temperature. Being held at such a relatively low temperature, 
the loss by evaporation is reduced to a minimum, and no ap- 
preciable change occurs in the density of the solution. The 
bath was built for the Bureau by a local tinsmith at a cost of 
$22.00. The construction is shown in the drawing. 

The apparatus consists of a double-walled bath, of which the 
inner wall and bottom are of copper, and the outside of galvanized 
iron, and a suitable stand. The space between the walls of the 
bath is packed with asbestos in order to insulate the contents of 
the bath as far as possible. In the bath is the copper ice-box 
I, of the same depth as the bath, extending to within 1'/, 
inches of the bottom, and raised that much above the top of 
the bath to provide an overflow for the waste water from the 
melting ice. The wooden cover serves as an insulator. The 
remaining space in the bath is taken up by the perforated shelf 
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P, which is fixed at the proper depth for the pycnometers or other 
vessels used. Above this, and fastened to the same hangers, is the 
narrow shelf S, which carries the thermometer and gas regulator. 
This regulator (Fig. 4) which was designed and made by Mr. B. J. 
Howard, of the Bureau of Chemistry, is one of the most necessary 
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parts of the apparatus, as it is the sensitiveness of the regulator 
which has contributed so much to the constancy of the temperature 
of the bath. The large bulb, 1 inch in diameter and 5 inches long, 
is filled with methyl alcohol, though toluene, having a higher coef- 
ficient of expansion, would perhaps be better. The regulator is con- 
nected with the gas supply, and with a Bunsen burner so adjusted 
that it will not strike back when the gas supply is nearly cut off. 
For maintaining an equal temperature throughout the bath some 
form of stirrer is necessary, and we have used with good results 
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a gentle current of air, conducted to the bottom of the bath close 
beside the ice-box. 

In starting the bath, the ice-box is first filled with water, 
and the rest of the bath with distilled water. Large pieces of ice 
are then placed in the ice-box. The stirrer is started, and to 
lower the temperature still faster, a clean piece of ice is placed on 
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Fig. 3. Top view. 
the platform. When the thermometer shows that the tempera- 
ture is about to fall below the desired point, the gas is turned on, 
and the piece of ice removed from the platform. A bath 18 
inches square and 12 inches deep uses, in the hottest weather, 
about fifty pounds of ice in seven hours. As long as there are 300 
or 400 grams of ice in the box, the temperature will remain con- 
stant, and if the ice-box is kept supplied, the thermometer shows no 
change of temperature for hoursatatime. It is necessary to have 
a large volume of water in the bath in order that the temperature 
may not be affected by putting in and taking out the pycnometers. 
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The following table gives the results of ten duplicate deter- 
minations of specific gravity on samples of whiskey. The tem- 
er, 
ice eos 
to 
on ---0 
Po. S 
Fig. 4. Temperature regulator: /, gasinlet; O, gas outlet; P, pilot flame supply ; 
C, centering knobs of glass; #, rod of glass to strengthen the apparatus ; 
A, alcohol reservoir; 17, mercury trap. 
perature at which the filling of the pycnometers was made re- 
mained constant at 15.6°. 
Serial number. Specific gravity. 
14772 0.91139 
ms 0.91136 
14773 0.90820 
0.90804 
14794 0.94395 
ra- 0.94395 
14805 0.91148 
on, O.QII4I 
18 14806 0.91274 
0.91275 
er, 14814 0.94021 
00 0.94020 
14842 , 0.94099 
on- 0.94995 
no 15005 0.94090 
0.94085 
ive 15006 0.94218 
ure 0.94214 
15007 0.94023 
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It will be readily seen that the application of this bath is not 
confined to specific gravity determinations. At the same time 
that the one here described was built, another of the same surface 
area, but 22 inches deep, was constructed for use with the Roese 
fusel oil apparatus, which must be kept at constant temperature 
in order to get comparative results. Later, another, slightly 
smaller than the one described, was ordered for use with the 
Zeiss immersion refractometer. This has a basket of galvanized 
wire, bound with copper, instead of the perforated plate. The 
part of this basket next the ice-box is divided into compartments 
for holding four flasks. In front of these compartments is a 
strip of copper with holes for the small beakers used with the 
refractometer, under which is the strip of ground glass through 
which the light passes upwards. The wire frame for supporting 
the instrument is fastened to the sides of the basket, and the 
mirror for directing the light upward is attached below. The 
bath itself differs from those previously made in that the front 
side is of glass, to permit the entrance of light. This bath is kept 
at 20° C., and works just as perfectly as the one at 15.6° C. 

The writer acknowledges suggestions from Messrs. ‘Tolman, 
Howard and Munson, of this Bureau. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEM- 
ISTRY, No, 98. ] 
THE RAPID PRECIPITATION OF ANTIMONY IN THE ELEC- 
TROLYTIC WAY. 
By JULIA LANGNESS AND EDGAR F. SMITH. 
Received August 28, 1905. 

THE BEST electrolyte for the determination of antimony is 
sodium sulphide, containing a small amount of sodium hydroxide. 
The polysulphides, frequently present, have been destroyed in 
various ways, one of the most convenient being by the addition 
of potassium cyanide, first used by A. Fischer,! and subsequently 
and wholly independently by Exner,’ when describing his ex- 
periences in the rapid determination of metals with the aid of a 
rotating anode. His results in the case of antimony were ex- 
ceedingly good, both from the point of rapid and complete pre- 


1 Ber., 36, 2348. 
2 This Journal, 25, 896. 
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cipitation of the metal as well as from the appearance of the 
deposit. Nevertheless, there seem to have been some difficulties 
encountered by other experimenters' upon repeating Exner’s work 
with this metal, so that we have thought it only proper to com- 
municate the observations made by us with the same metal 
during the past summer. 

To begin, let it be noted that the antimony was present in 
solution both in its trivalent and quinquivalent form. Which- 
ever compound it happened to be was weighed out and dis- 
solved in a definite amount of sodium sulphide, diluting, of course, 
to a specified volume from which portions were removed for 
electrolysis. In this way a solution was prepared so that 10 ce. 
of it contained 0.2405 gram of antimony. Several such portions 
were treated as follows: to each were added 15 cc. of sodium 
sulphide (sp. gr. 1.18), 3 grams of potassium cyanide, 1 cc. of 
sodium hydroxide (10 per cent.), the solution was diluted to 70 
cc. with water, heated almost to boiling and electrolyzed. 


EXPERIMENTS. 
Antimony 
N. D 100 Time. found. 
No. Volts. Amiperes. Minutes. Gram. 
Diiciccmepaagenacas 3.5 to4 6 15 0.2404 
De ivssseesecmengaes 3.5 to4 6 15 0.2409 
Br Acwatanenaeanace 3.5 to 4 6 15 0.2410 
Bisccckenwasaneroce 3.5 to4 6 15 0.2402 
Rvssccassmarcancned 3.5 to4 6 15 0.2402 


The precipitation was complete in each instance. The deposits 
of antimony were bright gray in color, like those of zinc. They 
were also perfectly adherent, exhibiting no signs of sponginess. 
Indeed, by employing roughened dishes as cathodes as much as 
0.4851 gram and 0.4847 gram, and even 1 gram of metal were 
deposited in a beautiful and perfectly compact form in from 
twenty to twenty-five minutes. With conditions similar to those 
described above, experiments were conducted in a smooth plati- 
num dish as cathode to ascertain the rate of precipitation. Thus, 
with a current of 6.5 amperes and 3.5 volts: 

0.0652 gram of antimony was deposited in one minute, 

0.1007 gram of antimony was deposited in two minutes, 

0.1575 gram of antimony was deposited in three minutes, 

0.1969 gram of antimony was deposited in four minutes, 

0.2140 gram of antimony was deposited in five minutes, 


1 Fischer and Boddaert : Z. f. Elektrochemtie, 10, 950. 
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0.2251 gram of antimony was deposited in six minutes, 

0.2331 gram of antimony was deposited in seven minutes, 
0.2369 gram of antimony was deposited in eight minutes, 
and fifteen minutes for the entire amount of metal. These values 

gave the following curve: 


Antim ony 


Gram 





o 
O12 3456 8 iS 
Minutes 
Numerous experiments having been performed to subject the 
method to the most varying conditions, it was concluded to try 
it in the analysis of the mineral stibnite. Very pure samples of 
the latter were reduced to powder, and 0.5-gram portions were 
digested with 20 cc. (or more) of sodium sulphide (sp. gr. 1.18), 
filtered from the insoluble part, and after adding 3 grams of 
potassium cyanide and 1 cc. of sodium hydroxide to the solution 
the latter was heated to boiling and electrolyzed. Two results 
will suffice to show the applicability of the method. 


Mineral. ; Antimony. Antimony. 
Expt. Gram. Volts. Amperes. Time. Gram. Per cent. 
Lavan etains 0.4241 3 | 25 0.3015 71.09 
Qinsectess 0.4488 3 #4 20 0.3174 70.72 


TheTdeposits were all that could be desired. The residues 
contained no antimony. From a careful observation of the 
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method it may be added that the omission of the 1 cc. of sodium 
hydroxide from the electrolyte works no harm. The volume of 
sulphide may be reduced to 10 cc. without affecting the result; 
but then the quantity of alkaline cyanide should be reduced to 
2 grams. The reduction of the cyanide to 1 gram without a 
corresponding reduction of sulphide is apt to give rise to a black 
border upon an otherwise most satisfactory deposit. If the 
volume of the alkaline hydroxide be increased to ro cc., the 
antimony deposit will be black, powdery and non-adherent. 
SEPARATION OF ANTIMONY FROM ARSENIC. 

This separation can be carried out with perfect satisfaction 
when using the rotating anode. The conditions observed in 
getting the results given below were as follows: A solution of 
antimony oxychloride in sodium sulphide was made so that 10 
ce. of it contained 0.1268 gram of antimony, and to each such 
portion were added 15 cc. of sodium sulphide (sp. gr. 1.18), 3 
grams of potassium cyanide and water to increase the volume 
of liquid to 70 cc. On applying a current of 6 amperes and 4 
volts the antimony was completely precipitated in from fifteen 
to twenty minutes. 

RESULTS. 
0.1268 gram of antimony. 
0.1267 gram of antimony. 
0.1269 gram of antimony. 
0.1267 gram of antimony. 
0.1269 gram of antimony. 
0.1268 gram of antimony. 

The deposit of metal was in each instance beautiful, light gray 
in color, metallic, and perfectly adherent. The arsenic existed 
in the solution as a sulpharsenate = (0.2000 gram of arsenic). 


UNIVERSITY OF PENNSYLVANIA. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEM- 
ISTRY, NO. 99. ] 


THE USE OF THE ROTATING ANODE AND MERCURY 
CATHODE IN ELECTRO-ANALYSIS. 
By Liry G. KOLLOCK AND EDGAR F. SMITH. 
Received October 13, 1905. 
(SECOND PAPER.) 
IN THE previous communication upon this subject zine, copper, 
nickel, cobalt, chromium and iron were the metals precipitated 
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under widely varying conditions with such completeness and 
surprising rapidity that it was concluded to include still other 
metals within the scope of the study before turning to an in- 
quiry into certain side reactions, observed from time to time, 
which tended to draw attention to themselves. These, though 
most attractive and persistent in their appearance, must remain 
for more careful and thorough study in the future. Indeed, the 
side problems in electro-analysis, thus constantly obtruding 
themselves, have too long been neglected; they call for attention. 
Their solution will surely solve difficulties encountered by the 
analyst; remove serious doubts and pave the way for a wider 
introduction and constant use of the methods of electro-analysis, 
But, turning to the thought which prefaced this communication, 
other metals in the form of sulphates were carefully investigated. 
The results appear in the subjoined paragraphs. 
CADMIUM. 


Reference to the literature’ pertaining to the electrolytic 
determination of this metal will show that this method of esti- 
mating it is in every way superior to the ordinary gravimetric 
procedures. And only recently Miss Davison, working in this 
laboratory, has recorded the best electrolytes and the most 
satisfactory conditions for its estimation with a rotating anode 
and platinum cathode. To this helpful contribution it is de- 
sired to add the data derived from the use of a mercury cathode, 
supplemented with a rotating anode. The decomposition tube, 
of the size and arranged as heretofore described, contained from 
60 to 70 grams of mercury. Upon this were placed 5 cc. of an 
aqueous solution of cadmium sulphate, equivalent to 0.9480 
gram of metallic cadmium. The current acting upon this solu- 
tion registered from 1.5 to 3.5 amperes and 10 to 7 volts. It was 
interrupted at the end of fifteen minutes. The liquid, siphoned 
from off the mercury, did not show the presence of any cadmium 
upon the addition of hydrogen sulphide. ‘The metal had entered 
the mercury completely, the resulting amalgam having much the 
appearance of zinc amalgam except that it was brighter in color. 
The anode made 360 revolutions per minute. 

The rate of precipitation of the cadmium was as follows: 

0.1531 gram in one minute. 
0.4984 gram in three minutes. 


1 Smith’s “Electrochemical Analysis,” p. 68. 
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0.8707 gram in seven minutes. 
0.9480 gram in nine minutes. 
0.9484 gram in ten minutes. 

A trace of metal was found in the liquid from the nine-minute 
experiment, but absolutely none in that from the ten-minute 
trial. The time (Curve I, page 1529) was drawn from these last 
results. 

As acid was not added to the electrolyte at the start, the 
current did not exceed 1 ampere, but with the liberation of acid 
from the salt the current quickly rose to 3.5 amperes, and this 
strength was maintained in all the subsequent precipitations. 
Thus, with these conditions, the following quantitative precipi- 
tations were made: 


Cadmium found. Time. 


Gram, Minutes. 
0.9480 15 
0.9480 10 
0.9484 15 
0.9481 12 
0.9478 12 
0.9478 12 
0.9479 Io 
0.9479 Io 


The quantity of metal present in each determination was 
0.9480 gram. Maintaining thus a current of definite strength 
throughout the decomposition, it next became an object to ascer- 
tain the rate of precipitation of metal under such conditions. 
Accordingly, 5 drops of concentrated sulphuric acid (40 drops 
equal 1 cc.) were added to 5 cc. of a cadmium sulphate solution, 
containing 0.9480 gram of metal, and electrolyzed with a current 
of 3.5 amperes and ro to 7 volts: 

In three minutes 0.6472 gram of cadmium was deposited. 

In five minutes 0.9389 gram of cadmium was deposited. 

In seven minutes 0.9478 gram of cadmium was deposited. 

In ten minutes 0.9477 gram of cadmium was deposited. 

In twelve minutes 0.9481 gram of cadmium was deposited. 

These data gave Curve II (page 1531). 

The liquid poured off from the mercury in the seven-minute 
period showed only the slightest yellow tinge when it was treated 
with hydrogen sulphide. Other trials conducted with conditions 
similar to those first mentioned gave these results in metallic 














S 


it 


d 
1S 








ROTATING ANODE AND MERCURY CATHODE. 


Oo , 2 





J + so @ 
Minvtes 
Curve II. Cadmium. 


/o 


1531 








1532 LILY G. KOLLOCK AND EDGAR F, SMITH. 


cadmium : 0.9484, 0.9479, 0.9478, 0.9477, 0.9483, 0.9481, 0.9484 
gram. 

To learn the time necessary to precipitate smaller quantities 
of metal, a solution was made up containing 0.1600 gram of 
cadmium in 5cc. On acting upon this last volume with a current 
of 3.5 amperes and 7 to 4 volts, the entire quantity of metal 
(0.1600 gram) was completely precipitated in three minutes. 
The following rates of deposition are shown in Curve III: 

In one minute 0.1370 gram of cadmium was deposited. 

In two minutes 0.1577 gram of cadmium was deposited. 

In three minutes 0.1602 gram of cadmiuin was deposited. 

In four minutes 0.1596 gram of cadmium was deposited. 

Other results, obtained in three minutes, showed cadmium as 
follows: 0.1598, 0.1600 and 0.1601 gram. 

The rate of deposition of metal from a solution, containing 
0.3250 gram of cadmium in 5 cc., was also studied with these 
results : 

In one minute 0.1945 gram of metal was deposited. 

In two minutes 0.2835 gram of metal was deposited. 

In three minutes 0.3150 gram of metal was deposited. 

In four minutes 0.3217 gram of metal was deposited. 

In five minutes 0.3249 gram of metal was deposited. 

Cadmium was found in the residual liquor from Expt. 4, but 
absolutely none in that from the fifth experiment. 

The preceding results gave Curve IV. From a solution con- 
taining 0.4740 gram of cadmium all of the metal was precipitated 
in five minutes: 

In one minute 0.3706 gram was deposited. 

In three minutes 0.4633 gram was deposited. 

In five minutes 0.4743 gram was deposited. 

Curve V was deduced from these figures. 

The addition of 20 drops of sulphuric acid (or 0.5 cc.) to the 
solution, retaining the current conditions previously mentioned, 
produced no ill effect as 0.1591 gram of cadmium, instead of 
0.1600 gram, was precipitated in three minutes. One cubic 
centimeter (40 drops) of concentrated acid, however, retarded 
the deposition, since only 0.1507 gram of metal was thrown down 
into the mercury in three minutes. 

TIN. 
While this metal has been determined quite often in the elec- 











we 


vwws 


C- 











Gram 





2 3 
Minvtes 


Curves III, IV, V.—Cadmium. 











1534 LILY G. KOLLOCK AND EDGAR F. SMITH. 


trolytic way the method does not appear to have gained such 
recognition as it justly deserves. It was thought that it would 
be well to learn how its solutions deported themselves when 
electrolyzed under the conditions prevailing in this and the 
previous communication to which it serves as a sequel. Accord- 
ingly, stannous hydrate was dissolved in sulphuric acid, the 
solution being so made up that 5 cc. of it contained 0.4106 gram 
of metallic tin and o.2 cc. of concentrated sulphuric acid. A 
current of 2 to 4 amperes and 5 to 4 volts acted for ten minutes 
upon 5 cc. of this solution. The mercury increased 0.4109 gram 
in weight and the liquid poured off from it showed no tin upon 
examination. The addition of sulphuric acid seemed in no way 
to arrest the precipitation of metal, for the following masses of it 
were obtained with a current of 4 amperes and 5 volts: 

In two minutes 0.2898 gram. 

In four minutes 0.3890 gram. 

In five minutes 0.4068 gram. 

In six minutes 0.4106 gram. 

From them Curve VI was drawn. 

Even in the presence of a smaller amount (0.5 cc.) of acid, al- 
most identical results were obtained: 

In two minutes 0.2997 gram of tin was deposited. 

In four minutes 0.3974 gram of tin was deposited. 

In five minutes 0.4060 gram of tin was deposited. 

In six minutes 0.4106 gram of tin was deposited. 

It was found advantageous to let the solution heat up quietly 
in order that the condensed steam might wash down the sides of 
the tube, otherwise traces of basic sulphate separated on the walls 
of the decomposition cell. With a current of 5 amperes and 5 to 4 
volts it was possible to precipitate 0.8212 gram of tin (10 cc. of 


solution) in eight minutes. 
Tin Sulphuric Tin 


Experi- present. Volume. acid. Current. Time. found. Error. 

ment. Gram. cc. cc. Amperes. Volts. Minutes. Gram. Gram. 
I 0.4106 5 0.2 2-4 5 Io 0.4109 -++0.0003 
2 0.4106 5 0.2 4 5 9 0.4114 -+o.0008 
ai 0.4106 5 0.2 4 5-4.5 9 0.4109 -+0.0003 
4 0.4106 6 0.5 4 5 6 QATOG ——secsxeses 
5 0.4106 5 0.25 4 5 6 OAT0G- a scsacees 
6 08212 10 0.5 6 5-5 9 0.8210 —0,0002 
7 0.4106 I0 0.75 5 5 8 0.4107 +0.0001 
8 0.4106 7 0.05 5 5 7 Ox4IO6-  sisessiee 
9 0.4106 4 0.25 5 5 10 0.4107 +-0.0001 
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Curve VI. Tin—4 amperes, 5 volts. 
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SILVER. 

There is nothing really to be added to the electrolytic methods 
proposed for this metal, and it would perhaps not have been 
included in our experiments had not the question arisen—as to 
whether nitrates could be used with a mercury cathode, the 
thought being that possibly they might be reduced to ammonia 
and the latter then enter the mercury. But the electrolysis of 
nitric acid and nitrates under the conditions prevailing in the 
experiments here recorded, v2z., with high current density and 
voltage, never resulted in this way, and, therefore, enables the 
analyst to employ this class of salts in metal determinations 
with a mercury cathode and rotating anode. In confirmation 
of these statements silver, mercury and bismuth nitrates were 
thus electrolyzed and the results therefrom are given in the 
succeeding paragraphs. ‘ 

The conditions observed with silver nitrate were: 
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Curve VII. Silver—4 amperes, 6 volts. 
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Volume of solution, 5 cc. (equal to 0.2240 gram of Ag). 

Nitric acid 5 drops (30 drops equaled 1 cc.). 

Current, 4.5 to 3 amperes. 

Volts, 6.5 to 6. 

The anode made 1200 revolutions per minute. 

Results: 

In one minute 0.1874 gram of silver was deposited. 

In two minutes 0.2178 gram of silver was deposited. 

In three minutes 0.2207 gram of silver was deposited. 

In four minutes 0.2240 gram of silver was deposited. 

These gave Curve VII. 

As might be expected, working with a nitric acid solution, 
there was an anodic deposit. At the end of one minute this was 
quite heavy but when two minutes had expired it was almost 
entirely gone, and in three minutes the anode was perfectly clean. 
Silver is precipitated quite rapidly, hence the anode was given 
high speed to insure agitation of the mercury and thereby render 
the silver absorption more rapid. It is not advantageous to have 
a greater concentration than 0.3500 gram of silver in 5 cc. 
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I 0.2240 5 5 I 6 1400 7 O:29AO - sexhveses 
2 0.2240 5 5 U5 6-5 1360 5 0.2241 -+0.0001 
3 0.2240 5 5 4-2 6-5 1360 5 0.2246 -+0,0006 
4 0.2240 5 2 3-2.5 7-6 1360 5 0.2236 —0.0004 
5 0.2240 5 5 4.5-3 6.5-6 1200 4 O:DAAS- —scasesens 
6 0.2240 5 I 3-2 5-4 200 5 0.2238 —0.0002 
7 0.4480 IO 5 2.5 5.5 1200 8 0.4472 —0.0008 
§ 0.2240 5 5 2.5 5.75 To8o 5 0.2244 0.0004 
9 0.4480 10 10 3.5 6 1440 6 0.4471 —0.0009 
10 0.4480 10 5 3.5 6 1440 6 0.4475 —0.0005 
II 0.3720 5 2 2.5-3 8-6 1200 5 0.3719 —0O.O0OI 
12 0.3720 5 3 2.5-3 8-6 1200 4 0.3723 -+0.0003 
i ‘0.2720 5 10 3 8 1200 5 0.3713 —0.0007 


MERCURY. 
A solution of mercurous nitrate was used. It contained 
0.3570 gram of mercury in 5 cc. Sufficient nitric acid was also 
present to prevent the formation of a basic salt. A current of 
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Curve VIII. Mercury—3 amperes, 7-5 volts, 
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3 amperes and 7 to 5 volts decomposed the salt at the following 
rate: 

In one minute 0.2777 gram of mercury was deposited. 

In two minutes 0.3542 gram of mercury was deposited. 

In three minutes 0.3572 gram of mercury was deposited. 

Curve VIII was constructed from these values. 

The effect of dilution upon the rate of deposition was learned 
by adding water to 5 cc. of the solution just mentioned until its 
volume became 25 cc. It was then exposed to a current of 3 
amperes and 13 to 7.25 volts. When it was found that eight 
minutes were necessary to completely precipitate the metal 
present, the masses deposited were: 

In two minutes 0.2796 gram of mercury, 

In five minutes 0.3488 gram of mercury, 

In seven minutes 0.3552 gram of mercury, 

In eight minutes 0.3570 gram of mercury, 
from which was constructed Curve IX. 

It was found that the addition of free nitric acid tended to 
retard the rate of precipitation unless the pressure was main- 
tained at 5.5 volts, the current strength sometimes then rising 
to 8 amperes. Even in the presence of 1 cc. of the acid all of the 
mercury was deposited in three minutes: 

In two minutes 0.3498 gram of mercury. 

In three minutes 0.3569 gram of mercury. 

In four minutes 0.3569 gram of mercury. 

The total quantity of mercury present equaled 0.3575 gram. 


Mercury Nitric Mercury 
Experi- present. acid. Current. found. Error. 
ment. Gram. Volume. cc. Amperes. Volts. Time. Gram. Gram, 
I 0.3575 5 0.02 3 7-5 4 0.3576 -+0.0001 
2 0.3575 5 0.02 3 7-5 3 0.3572 -++0.0003 
“ 0.3575 5 0.02 3 fimo 4 0.3573 -+0.0002 
4 9.3575 5 0.02 3 7 3 0.3573 + +-0.0002 
5 0.3575 5 0.02 3 ms 3 0.3566 §—0.OOoI 
6 0.3575 5 0.02 3 a 3 9.3574 -+0.0001 
7 0.3575 25 0.02 3 13-7.25 8 OBIE 9 ~ “ceceseees 
8 0.3575 6 I 8-7 5.5 4 0.3569 —0.0006 
9 93575 6 I 8-7 -5.5 3. 0.3569 —0.0006 
BISMUTH. 


This metal, as is well-known, has always presented difficulties 
when determined electrolytically, so that the successful con- 
ditions which have been offered must be strictly observed in order 
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Curve IX. Mercury—25 cc.—3 amperes, 13-7 volts. 
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that the results may be satisfactory. The formation of peroxide 
on the anode simultaneously with the precipitation of metal 
on the cathode has been the problem. To prevent the anodic 
deposit has called forth numerous suggestions which need not be 
given here. The addition of a glycerol mixture did not entirely 


rr) 





Gran. 


Qo 


oO 4 @ gs + S 6 7 8 9 so wt ft] 68 
Minutes 
Curve X. Bismuth—3 amperes, 5 volts (nitric acid) 


prevent the peroxide formation, nor did the reduction of the 
current, after it had acted awhile, produce the beneficial effect 
noticed in the electrolysis of bismuth solutions with a platinum 
cathode. 

A solution containing 0.2777 gram of bismuth in 12 cc., with 
0.5 cc. of concentrated sulphuric acid, was electrolyzed with a 
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current of 4 amperes and 5 volts. Consecutive experiments 
showed that 0.2777, 0.2779, 0.2770, 0.2773 and 0.2767 gram of 
metal was precipitated in twelve minutes. The liquid removed 
from each of these deposits gave no test for the metal upon ex- 
amination. There was not a trace of anodic precipitation at the 
completion of any one of these experiments. In the earlier stages 
of the decompositions the peroxide appeared on the anode wire 
but rapidly redissolved. Smooth wire should be used for the 
anode. If its surface is rough, the deposit, if there be any, will 
disappear very slowly. The anode should rotate rapidly, so 
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Curve XI. Bismuth—3 amperes, 5-4 volts (0.5 cc. sulphuric acid). 
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S that the mercury may take up the metal which is deposited 
f quickly, as it often collects in a black mass beneath the anode. 
d As bismuth solutions generally contain considerable free nitric 


- acid, 0.5 cc. of the latter was added to each of six experiments 
in which a current of from 3 to 4 amperes and 5 volts acted for 





e 
s twelve minutes, precipitating 0.2778, 0.2769, 0.2768, 0.2775, 
e 0.2776 and 0.2772 gram of bismuth respectively, at the rate of 
e 0.1305 gram of metal in one minute. 

q 0.2274 gram of metal in three minutes. 

®) 0.2515 gram of metal in five minutes. 


0.2732 gram of metal in eight minutes. 

0.2751 gram of metal in ten minutes. 

0.2775 gram of metal in twelve minutes. 

From these results Curve X was constructed. 

The substitution of sulphuric for nitric acid appears to make 
little difference in the rate of the precipitation as may be seen 
from the following figures: 

In five minutes 0.2409 gram of bismuth was deposited. 

In ten minutes 0.2764 gram of bismuth was deposited. 

In fifteen minutes 0.2770 gram of bismuth was deposited. 

These gave Curve XI. 


Bismuth Sulphuric Bismuth 
Experi- present. Volume. acid, Current. Time. found. Error. 
ment. Gram, ec. ce. Amperes. Volts. Minutes. Gram. Gram. 
I 0.2273 12 0.5 3 5 15 0.2777. +0.0004 
2 0.2273 12 0.5 3-4 5 15 0.2779 +0.0006 
3 0.2273 12 0.5 4 5 I2 0.2770 -+0.0003 
4 0.2273 12 0.5 3 5.5 15 O;BFI% —— scaazeser 
5 0.2273 12 0.5 3 5 15 0.2767 —0.0006 
6 0.2273 11.5 0.5 3 5 15 0.2770 —0,0003 
Nitric acid. 
ec, 
7 0.2273 11.5 0.5 4 5 12 0.2778 -+0.0005 
8 0.2273 1.5 0.5 4 Sry (Fa 0.2769 —0O,0004 
9 0.2273 11.5 0.5 4 5 12 0.2768 §—0.0005 
Ce) 0.2273 11.5 0.5 4 5 12 0.2775  +0.0002 
II 0.2273 11.5 0.5 4 5 12 0.2776  -+0.0003 
12 0.2273 11.5 0.5 4 5 12 0.2772 —0O.OO0OI 
13 0.2273 1.5 0.5 4 5 32 0.2772 —0O.OO0I 


The many determinations given in the present communication 
as well as in the one which preceded it demonstrate beyond 
question that metallic sulphates and nitrates may be successfully 
electrolyzed with the mercury cathode and the rotating anode, 
the results in all instances being as satisfactory as with stationary 
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electrodes, it being possible also to determine the acid radical 
poured off in the liquid after the completion of the decomposition. 

In the first paper published, relating to the use of a mercury 
cathode, it was shown that if in electrolyzing metallic halides, 
e. g., sodium chloride, barium bromide, cobalt chloride, etc., 
use was made of a silver anode, the halogens could be deter- 
mined simultaneously with the metals. Naturally, it was wished 
to know whether upon rotating the anode in halide solutions 
the halogens might be as easily determined. Accordingly, a 
flat platinum spiral and a disk of platinum, coated with metallic 
silver, were used as rotating anodes. The halogens of the elec- 
trolyzed halides promptly combined with the silver and for a 
while constituted an adherent deposit of silver halide, but as the 
layer thickened it began, because of the rapid rotation, to detach 
itself and become suspended in the solution. A silver disk was 
substituted for the silver-coated platinum anode with a like 
result. A large platinum dish, silver-coated and made a station- 
ary anode, was used along with a smaller inner dish coated with 
mercury and made a rotating cathode with no better results. 
The silver halide formed upon the anode was disturbed by the 
agitation of the electrolyte, not equally readily it is true, and 
fell away from its electrode. Whether a scheme can be devised 
to make this perfectly adherent so that the metals may be quickly 
determined as in the case of sulphates and nitrates remains to be 
seen. Apparently, there is no reason why it should not be realized. 
Unwilling to exclude metallic halides from the field of experi- 
mentation, the problem was to eliminate the bad effects of the 
escaping halogens, for these did come off copiously in the elec- 
trolysis of any metallic halide upon employing the high current 
densities used with sulphates and nitrates. They also attacked 
the rotating platinum anode energetically. Could these un- 
desirable behaviors be eliminated? Might not a layer of some 
organic liquid, superimposed on the aqueous halide, take up the 
halogens liberated in the electrolysis? A solution of cadmium 
bromide was made the electrolyte; upon it were placed ro cc. of 
anhydrous ether. The anode was made to rotate quite rapidly 
and the current passed. The ether absorbed the bromine very 
fully and nicely. The heat of decomposition, however, caused 
a too rapid volatilization of the solvent so that toluene and 
xylene were substituted, in the later experiments, for the ether. 
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Both liquids proved most successful. The platinum anode was 
weighed before and after numerous experiments. Its decrease 
in weight for the entire series of experiments did not exceed 0.5 
mg., a difference in weight that might easily be due to something 
other than solution of the anode. 

COBALT CHLORIDE. 

Five cubic centimeters of solution, containing 0.1250 gram of 
cobalt, were covered with 10 cc. of pure toluene and electrolyzed 
with a current of from 2 to 4 amperes and 5 volts. The liquid 
was colorless in five minutes and the metal completely precipi- 
tated in seven minutes. A second cobalt chloride solution 
(=0.1050 gram of cobalt) gave 0.1050, 0.1049, 0.1052 and 0.1048 
gram. On using xylene as the solvent, equally good results were 
obtained. 

GOLD CHLORIDE. 

The conditions prevailing were: 

5 ec. gold chloride equal 0.1200 gram of gold. 

Toluene, 10 cc. 

Current, 2 to 3 amperes. 

Volts, ro. 

Time, five minutes. 

Gold found, 0.1200, 0.1201 and o.1198 gram. 

Gold is precipitated very rapidly so that it is advisable that the 
current be not too strong. The perfectly satisfactory conditions 
were found to be those which have been mentioned at the opening 
of this paragraph. The gold chloride solution should not stand 
long in contact with the mercury cathode because metal soon 
begins to separate and is with difficulty absorbed by the mercury. 

IRON CHLORIDE. 

Here the conditions were: 

5 ec. ferric chloride equal 0.1030 gram of iron. 

Toluene, 10 ce. 

Amperes, 2 to 4. 

Volts, 9. 

Time, twelve minutes. 

Iron found: 0.1025, 0.1030, 0.1029 and 0.1031 gram respectively. 

MERCURIC CHLORIDE. 

This electrolyte also lent itself quite well to the method. Five 

cc. of the solution contained 0.2525 gram of mercury. On 
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placing the solution upon the mercury, a slight coating was pro- 
duced. It proved a poor conductor for with a pressure of 10 
volts a scarcely preceptible current was observed. Upon the 
liberation of acid the current rose to 1 ampere and then to 3 
amperes, with the pressure falling to 7.5 volts. The mercury was 
completely precipitated in ten minutes. Conditions: 

5 cc. solution equal 0.2525 gram of mercury. 

Toluene, 10 cc. 

Current, 1 to 3 amperes. 

Volts, 10 to 7.5. 

Time, ten minutes. 

Mercury found: 0.2524, 0.2525, 0.2524 gram. 

TIN CHLORIDE. 

Stannous chloride was dissolved in just enough hydrochloric 
acid to prevent the formation of any oxychloride. When the solu- 
tion was too concentrated the tin was deposited so rapidly that it 
was not immediately incorporated with the mercury, and particles 
of it floated around in the electrolyte and in the layer of toluene. 
For this reason the electrolyte was diluted. The conditions 
giving satisfactory results were: 


5. 


5 cc. stannous chloride equal 0.0800 gram of tin. 
Toluene, ro ce. 

Amperes, 2 to 3. 

Volts, 7 to 6. 

Time, 10 minutes. 

Tin found, 0.0798, 0.0806 and 0.0802 gram 


II. 


10 cc. stannous chloride equal 0.1600 gram of tin. 

Toluene, 10 cc. 

Amperes, 2 to 3. 

Volts, 7 to 6. 

Time, 15 minutes. 

Tin found, 0.1595 and 0.1600 gram. 

CADMIUM BROMIDE. 

This solution was so prepared that 5 cc. of it contained 0.2212 
gram of metal. After the addition of 10 cc. of toluene, the liquid 
was electrolyzed with a current of 2 amperes and 5 volts. The 
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toluene became red in color but later changed to yellow. The 
odor of bromine was not detected. In ten minutes 0.2215 gram 
of metal was precipitated. The aqueous solution gave no test 
for it. 

These examples will suffice to show that by using toluene, me- 
tallic chlorides can be electrolyzed with the mercury cathode and 
rotating anode, applying high currents and high pressure. It 
was not thought necessary to include other halides. Just what 
the action of the halogen was could only be determined by frac- 
tional distillation of the several portions of toluene which had 
been used in the various decompositions. This was done. ‘There 
remained, after expelling the unattacked toluene, a portion which 
boiled at about 162-164°C., corresponding in this particular 
to a chlortoluene. Before we could, however, ascertain which 
one of the possible chlorinated products it really was there ap- 
peared in the Journal of the Chemical Society (London), 87, 1034, 
a contribution upon ‘‘Studies in Chlorination,” in which hy- 
drochloric acid was electrolyzed under a layer of boiling toluene. 
The products were shown to be o- and p-chlortoluene, which 
were subsequently oxidized to o- and p-chlorbenzoic acids. The 
chlorinated body obtained by us was presumably a mixture of 
o- and p-chlortoluene. The purpose of the study being rather 
the electrolysis of metallic chlorides and not the action of elec- 
trolytic chlorine, further work in this direction was discontinued. 
Our study seems, however, to be a confirmation of the observa- 
tion to which reference has just been made. Whether metallic 
chlorides would be preferable to hydrochloric acid for chlorina- 
tions of this description must be decided by others, as it is not 
our intention to develop this line of research. 

At various times in this laboratory, since the introduction of 
the mercury cathode, separations have been made of iron from 
uranium, aluminium, thorium, lanthanum, praseodymium, 
neodymium, cerium and zirconium. ‘They were most satisfactory. 
It remained to ascertain whether they would prove to be as good 
if they were conducted with the high currents and high voltage 
possible with the rotating anode. The nitrate or sulphate of each 
of the metals was tried first alone to discover whether it was at all 
affected. As this proved that not one of the metals mentioned in 
the preceding paragraphs was precipitated, the separations were 
begun and conducted as shown in the following sections: 
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THE USE OF AMMONIUM PERSULPHATE IN THE DE. 
TERMINATION OF CHROMIUM IN STEEL.' 


By HARRY EDWARD WALTERS. 


Received October 24, 1905. 


AMMONIUM persulphate is used as a reagent for oxidizing 
chromium in steel in a method described by F. Ibbottson and R. 
Howden.” After oxidation the chromium is precipitated as lead 
chromate, filtered and determined volumetrically. 

The writer has been using a method for some time in which 
the same salt is used, advantage being taken of the fact that in 
the presence of sufficient silver nitrate both the chromium and 
manganese are completely oxidized and can be determined 
volumetrically without previous precipitation. The method as 
outlined is applicable for ordinary chrome steels but not for 
tungsten or molybdenum steels, as some of these steels contain 
a carbide of chromium insoluble in sulphuric acid. This diffi- 
culty can be overcome by filtering the insoluble carbide, burning 
and fusing with a small amount of sodium carbonate and adding 
to the main solution. This, however, would prolong the opera- 
tion but would still be an advantage over the methods now in 
use, 

METHOD. 


Weigh 1.25 grams of the sample into a No.*3 Griffin beaker, 
add 35 cc. dilute sulphuric acid (1:5), warm until the sample 
is in solution and add a small amount of ammonium persulphate 
to oxidize the iron and carbonaceous matter; dilute to 100 ce. 
and add 40 ce. silver nitrate solution (0.16 gram of the salt), 
now add an excess of ammonium persulphate (5 to 7 grams) and 
heat to boiling. Boil about five minutes to destroy excess of 
persulphate, cool and transfer to a 500-cc. calibrated flask, dilute 
to mark with water and mix thoroughly. 

Pour 100 ce. (0.25 gram) into a 100-cc. calibrated flask; the 
remaining 400 cc. (1 gram) are transferred to a beaker, a measured 
volume of ferrous sulphate added and the excess titrated with a 
standard solution of permanganate until a pink color is obtained. 

The number of cubic centimeters of the permanganate solu- 


1 Read before the Pittsburg Section, October 19, 1905. 
2 Chem. News, 90, 320. 
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tion used, subtracted from the number required for the volume 
of ferrous sulphate added, will give the volume of permanganate 
used by the chromium and manganese. 


The contents of the 100-ce. calibrated flask are transferred to a 
porcelain dish and titrated with a standard solution of sodium 
arsenite until the color is bright yellow. The number of cubic 
centimeters of the arsenite solution used, multiplied by the value 
of the solution in manganese, will give the amount of manganese 
present. 

The volume of permanganate used by the chromium is found 
by calculating the amount of manganese found to the equivalent 
number of cubic centimeters of the permanganate solution and 
subtracting this number from the volume of the permanganate 
used by the chromium and manganese. The number of cubic 
centimeters found to be used, multiplied by the value of the per- 
manganate in chromium, will give the amount of chromium 
present.’ 

REAGENTS. 

Sulphuric Acid.—A mixture of one part concentrated acid 
and five parts water. 

Silver Nitrate-——Four grams of the salt are dissolved in one 
liter of water. 

Ammonium Persulphate-—The salt should be slightly moist.? 

Sodium Arsentte——The solution is prepared as recommended 
by Blair. The solution is standardized with a chrome steel of 
known manganese content so that the direct reading will give 
the per cent. of manganese. Mixtures of pure chromium and 
manganese solution may also be used. 


1 EXAMPLE.—Let us assume that the chromium value of each cubic centimeter of the 
permanganate solution equals o.oo1 gram and the manganese value 0.000633 gram ; now if 
soce. of the ferrous sulphate solution equals 49 cc. of the permanganate solution and the 
sample after oxidation and addition of 50 cc. of the ferrous sulphate solution requires 13 
ce. of the permanganate solution, then 49 cc. minus 13 cc. equals 36 cc. or amount used by 
chromium and manganese. 

If the sample should show 0.38 per cent. manganese by the arsenite titration, then 
0,0938 divided by 0.000633 equals 6 or the number of cubic centimeters of permanganate 
solution equivalent to the per cent. of manganese found. 

36.cc. minus 6 ce. equals 30 cc. * 0.001 gram equals 0.03 gram or 3 per cent. chromium, 

* The dry salt, or one which has been dried at 120°, sometimes gives a good reaction, 
but at other times we have failed to secure satisfactory results, while good results have 
always been obtained with the moistened salt. Others have had the same experience. 
Such a difference seems, on the face of it, absurd, and this statement is made only as an 
empirical fact which has no apparent reason. 


§ “Chemical Analysis of Iron,” fifth edition, p. 121. 
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Permanganate Solution—The solution is made by dissolving 
1.82 grams of pure potassium permanganate in 1 liter of water, 

Ferrous Sulphate Solution—The solution is made by dissolving 
22.5 grams ferrous ammonium sulphate in water, adding 50 cc. 
strong sulphuric acid and diluting to 1 liter. 

It is unnecessary to have this exactly equal the permanganate 
solution as a constant volume is used and the solution loses in 
strength. Itis only necessary to find the volume of permanganate 
equivalent to the volume of ferrous sulphate used and this should 
be done every day. 

The permanganate may be standardized by getting the iron 
value or by the use of a pure chromium salt. If the solution is 
standardized against iron the chromium value is found by the 
equation 

167.7: 52.1::iron value: x equals chromium value, and the 
manganese value by the equation 

279.5: 55::iron value: x equals manganese value. 

If the solution is standardized with a pure chromium salt the 
manganese value is obtained by the equation 

260.5: 165::chromium value: x equals manganese value. 


REMARKS. 

In case the samples should run high in chromium the ferrous 
sulphate solution could be made stronger. 

The permanganate solution should be allowed to stand several 
days before standardizing. 

In case an appreciable amount of vanadium is present in a 
sample it will be necessary to determine the manganese by the 
bismuthate or Ford’s method. 

In using the method for tungsten steels some tungstic acid 
separates, but this does not seriously interfere with the titration. 

The following results were obtained on some chrome steels 
and pure solutions of iron, chromium and manganese. 


Chromium taken, Found. Manganesetaken. Found. 
Number. Percent. Per cent. Per cent. Per cent. 
Disdatnsnspeesosonecseds 4.00 3.98 0.08 0.09 
2 icicncuanoveesiceasaves 4.80 4.82 0.40 0.40 
Fi cciseacareduweieasass 1.56 E53 0.24 0.23 
Aes snvsedvatawcaceeegecs 3.60 2.57 0.80 0.81 
SG ecyegeesisinencacneaws 5.10 5.12 0.50 0.49 


siadiinesn Gavievenscdes . 8.03 0.32 0.32 
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Chlorate method. Persulphate method. 
Steels. Chromium. Manganese. Chromium. Manganese. 
E cove vacegenstes petaess 1.50 0.35 1.51 0.36 
Dcsiuiindsvaciometiene SEM =8««*«( Pee 2.85 0.14 
Tungsten 0.12 3.49 0.13 
Molybdenum..... 5.69 0.81 % 0.83 


I wish to acknowledge my indebtedness to Mr. T. D. Rodgers 
of this laboratory for the careful manner in which he has carried 
out these experiments. 


LABORATORY UNITED ENGINEERING AND FOUNDRY COMPANY, 
LINCOLN FOUNDRY COMPANY DEPT., PITTSBURG, PA, 


‘REVIEW. 
SOME RECENT WORK IN ORGANIC CHETIISTY. 


By LAUDER W. JONES, 
Received October 30, 1905. 

A review of the progress of organic chemistry must, of necessity, 
be a partial one. The greater part must be left untold. In 
preparing the following survey of the articles published by foreign 
investigators during the year 1904, I have chosen a few of the 
many interesting articles, and have been compelled, for lack of 
space, to exclude many which deserve mention. I hope that 
the ones which I have selected may be of general interest to those 
who are familiar with the methods and theories of organic chem- 
istry. 

During the year 1904, Grignard’s reaction has been applied 
ina great variety of new syntheses, and seems to be at the begin- 
ing, instead of at the end, of its usefulness. Gomberg’s tri- 
phenylmethyl is still an unsolved riddle. The investigations of 
Fischer and of Curtius which have led to the building up of so 
many complex polypeptides, are giving us quite substantial assur- 
ance of future success in the synthesis of natural proteins. The 
study of quadrivalent oxygen derivatives has been continued, 
and has led to the preparation of many interesting oxonium com- 
pounds. The use of powdered nickel in the presence of hydrogen 
at temperatures above 100° for the purpose of reduction seems to 
be a method of great promise which may be applied for the reduc- 
tion of many classes of organic substances. On the whole, the 
year has given us nothing which is strikingly new, but much that 
is of interest and importance. 

Hydrocarbons.—Some interesting results have been obtained 
by the slow combustion of certain hydrocarbons. Bone and 
Wheeler (J. Chem. Soc., 83, 1074 (1903)),in a previous article, 
Showed that methane gave first formaldehyde and water, and, 











1554 REVIEW. 


finally, carbon dioxide, carbon monoxide and water. No metliyl 
alcohol could be detected. 

In a recent paper, Bone and Stockings (J. Chem. Soc., 85, 
693-727) describe the products formed by the slow combustion 
of ethane at temperatures ranging from 250-500°, and at in- 
creased and diminished pressures. They observe several stages 
in the oxidation; first, acetaldehyde and water; second, form- 
aldehyde, carbon monoxide and water; third, carbon monoxide, 
carbon dioxide and water. Methane and hydrogen are secondary 
products which result from the decomposition of acetaldehyde 
and formaldehyde. 

CH,0.H #+ CH,+CO 
CH,0 ++ H,+CO 
No ethyl alcohol could be detected. 

Bone and Drugman (Proc. Chem. Soc., 20, 127-128), however, 
have observed that ozonized air (2.5 per cent.) at 100°, acts upon 
ethane, and yields, in addition to acetaldehyde and formaldehyde, 
traces of ethyl alcohol. It seems, therefore, that ethyl alcohol 
is the primary oxidation product of ethane. In a later article, 
Bone and Wheeler (/. Chem. Soc., 85, 1637-63) have presented 
their results with ethylene. The chief product is formaldehyde, 
accompanied by carbon monoxide, carbon dioxide and water. 

Harries has continued his interesting experiments with ozone 
and organic compounds. The previous articles (Ber., 36, 1933, 
2998, 3001, 3658) dealt with the action of ozone upon aldehydes, 
alcohols, iodobenzene, iodosobenzene and unsaturated com- 
pounds. He found that the double bond in unsaturated mole- 
cules was attacked, and the molecules were broken and oxidized 
by parts to aldehydes or ketones. He has recently discovered 
that ozone behaves in a different manner in non-dissociating 
solvents; ozone is absorbed by the double bond with the forma- 
tion of compounds which Harries calls ozonides. 


\Ncacd’ a. Nec = cZ 
DeacK +05= Vaan s or Janes 
0.0.0 O—O 
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Such ozonides yield, with water, two molecules of ketone and one 
of hydrogen peroxide. Harries (Ber., 37, 2708) also studied the 
action of ozone upon caoutchouc, and succeeded in breaking the 
molecule into significant parts, through the intermediate forma- 
tion of an ozonide. By an analysis of the ozobenzene prepared 
first by Renaud (C. R., 120, 1177), Harries and Weiss (Ber., 37, 3431- 
33) have shown that the formula C,H,O, is incorrect, and must 
be replaced by C,H,O,. It is, therefore, benzene triozonide, and 
is formed by the addition of three molecules of ozone to benzene. 
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7 1 
O=O0 
Pure dry benzene is treated with ozonized oxygen for one or 
two hours at a temperature of 5-10°. Ozobenzene is precip- 
itated as a white, amorphous mass, which detonates when 
treated with warm water. By careful treatment with water, 
it is changed into glyoxal, CHO—CHO. 
Konig (Chem. Zig., 29, 30) suggests the cube as a possible 
space formula for benzene, 


HC 
A fH 

He ( 
| Jt lee 


| ae 
HC _ “ 
CH 

Sabatier and Mailhe (C. R., 138, 248-49) have succeeded 
in reducing many aromatic halogen compounds to the cor- 
responding hydrocarbons, without, at the same time, adding 
hydrogen to the ring. This is accomplished by passing halogen 
compounds, mixed with an excess of hydrogen, over reduced 
nickel heated to a temperature of 270°. If several halogen atoms 
are present, they are replaced one after the other, not simul- 
taneously. The presence of methyl or hydroxyl groups makes 
the replacement easier; amino groups facilitate it still more. 
Thus chlorbenzene gave benzene; chlornitrobenzene gave aniline 
hydrochloride. It, is a singular fact that the replacement of 
bromine is not so easy as that of chlorine, while iodine is the 
hardest of all to replace. 

In a second paper (C. R., 138, 407), the same authors try to 
extend the reaction to aliphatic halogen compounds, but with- 
out the same success, because of the dissociation of the 
halogen compounds at about 250°. Methyl iodide, however, 
gave chiefly methane, with some ethylene. 

In a similar way, Darzens (C. R., 139, 868-70) reduces aromatic 
ketones at 190-195° to corresponding hydrocarbons. 


C,H,.CO.R + 2H, =C,H,;CH,.R + H,O 
Thus acetophenone gave ethylbenzene; p-cresyl ketone gave 
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p-methylethylbenzene; benzylacetone gave n-butylbenzene. In 
the last case, the reduction occurs, even though the carbony] 
group is not bound directly to the benzene ring. ‘ 

Godchot (C. F., 139, 604-6), by means of the method just de- 
scribed, reduces anthracene at 250° to tetrahydroanthracene, 
C,,H,,, and at 200° to octohydroanthracene. 

Fontana and Perkin (Elec. Chem. Zischr., 11, 99-105) oxidize 
anthracene to anthraquinone by passing an electric current 
through a solution of anthracene in acetone, to which dilute 
sulphuric acid and cerium sulphate have been added. 

Luther and Weigert (Sitzungsber. Kgl. Pr. Akad., 1904, 
828-39) have found that the change of anthracene to dianthracene 
in the sunlight, which was observed in solution by Fritzsche, also 
occurs in the solid and in the vapor forms of anthracene. The 
reaction is a reversible one. 

In the light 
Anthracene * = Dianthracene 
In the dark 
The authors have studied it qualitatively and quantitatively. 

Thiele and Balhom (Ber., 37, 1463-70) describe several inter- 
esting hydrocarbons called by them quinonoid hydrocarbons, 
In the course of experiments made with the object of preparing 
p-xylylene, H,C=C,H,=CH,, they obtained polymeric bodies 
of the same composition. By treating tetraphenyl-p-xylylene 
bromide, C,H,(CBr(C,H;).)., with metallic silver in the presence 
of benzene, they obtained tetraphenyl-p-xylylene, (C,H,),C= 
C,H,=C(C,H;)., a solid which crystallizes in red needles and 
melts at 239-40°. The solution is orange colored and fluorescent, 
and is soon decolorized by light. 

Optically active benzene hydrocarbons were prepared by 
Klages and Sautter (Ber., 37, 649-55) by means of Grignard’s 
reaction. They allowed benzaldehyde to act upon active amyl 
iodide in the presence of metallic magnesium and ether. The 
product obtained was treated in the usual way with dilute sul- 
phuric acid. The chief substance formed was hexylenebenzene, 
C,H;.CH =CH.CH(CH,)C.H;, with some of the carbinol C,H,;CH 
(OH), cn oo A i.. Hexylenebenzene is optically active, 
[a] iS°= + 50.3 It may be reduced by the action of sodium 
upon an wiealiciie solution; optically active hexylbenzene is 
obtained as a liquid which boils at 220° (757 mm.) and gives a 
value [a]i#°=+17.20°. Hexylbenzene is not changed into a 
racemic form by six hours’ heating with alcoholic potassium 
hydroxide at 160°. 

The study of triphenylmethy], ((C,H;),C),(?), has led to no definite 
decision concerning the true constitution of this interesting 
substance. The experimental evidence (Gomberg: This Journal, 
22, 757; 25) 317; Ber., 33, 3150; 34, 2776; 35, 1822, 2397, 3914; 
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36, 376, 3928; 37, 1626) seems to point to the transient existence 
of triphenylmethyl as a univalent radical, which, in the presence 
of certain catalyzers, passes into a bimolecular form, distinct 
from the so-called hexaphenylethane. In the bimolecular state, 
jt combines readily as an unsaturated compound with halogens 
to form triphenylmethyl halides. Gomberg (Ber., 37, 2033), 
by the action of zine turnings upon triphenylmethyl chloride in 
benzene, or better still in acetone, has obtained triphenylmethyl 
in the form of beautiful, colorless crystals, which melt between 
145° and 147°. A molecular weight determination by the freezing- 
point method shows that the molecule has become double. 
Solutions have a yellow color which Gomberg believes to be caused 
by the presence of the ion (C,H;),C. The experiments of Walden 
(Ber., 35, 2018) show that triphenylmethyl, triphenylcarbinol, 
triphenylmethyl chloride, when dissolved in liquid sulphur 
dioxide, are conductors and dissociated, thus bearing out the 
analogy of triphenylmethyl toa univalent group with base-forming 
properties. 

Attempts to explain away the trivalent carbon have not been 
successful heretofore. (Norris and Sanders: Am. Chem. J., 25, 
54, 117; 29, 129; Kehrmann: Ber., 34, 3815; 35, 622; Heintschel, 
Ber., 36, 320). Tschitschibabin (Ber., 37, 4709) proposed recently 
that triphenylmethyl is, in reality, hexaphenylethane. He 
points out that the so-called hexaphenylethane of Ullmann and 
Borsum (Ber., 35, 2877) is diphenylmethyltetraphenylmethane, 
(C,H;),C.C,H,.CH.(C,H;)., and not hexaphenylethane which is 
unknown, unless it is identical with triphenylmethyl. Gomberg, 
however, still maintains that his compound contains trivalent 
carbon, and accounts for its bimolecular condition by the as- 
sumption of associated molecules which, he says, occur in other 
cases, e. g., the nitriles, the organic acids, etc. 

Halogen Compounds.—Konowaloff (J. Russ. Phys. Chem. Soc., 
36, 220-223) studied the action of dilute nitric acid upon halogen 
compounds, especially (CH,),CH.CH,Cl, (CH,),CHBr, (CH,), 
CCI.C,H;, and (CH,),CBr. Thus, isobutyl chloride gave a nitro 
halogen compound (CH,),C(NO,).CH,Cl. He found that saturated 
halogen compounds are more readily attacked by nitric acid 
than the corresponding paraffine hydrocarbons. Primary and 
secondary halogen derivatives yield nitro compounds with 
halogen in the molecule; tertiary (not aromatic) compounds 
yield halogen acids and unsaturated substances which may or 
may not be nitrated. 

Halleman and Beekman (Rec., 23, 225-56; 257-64) prepare 
fluorbenzene, and certain substituted fluorbenzenes, by the action 
of concentrated hydrofluoric acid upon diazonium sulphates. 

The behavior of aromatic halogen compounds towards copper, 
heated to temperatures ranging from 210 to 250°, has been 
studied quite thoroughly by Ullmann (Ann. Chem. (Liebig), 332, 
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3881) and others associated with him. In this manner, C,H,I gave 
diphenyl to the extent of 82 per cent., while Fittig’s method 
yields only 5 percent. The same difference is observed in other 
cases. Copper could not be replaced with advantage by other 
metals. By this method, o-iodotoluene gave 2,2 ’-dimethyl- 
dipheny]; “9-iodonaphthalene gave 2,2’-dinaphthyl. The same 
method was applied with success to iodo derivatives of sulphonic 
acids, nitro and amino compounds, and many others. 
OXYGEN COMPOUNDS. 

Alcohols, Ethers, Phenols—Grignard’s reaction has been 
employed in a number of ways to prepare alcohols. Thus, 
Grignard (C. R., 138, 152-154) prepared the compounds 
RCO.OMgX in the usual way by acting upon the organo-mag- 
nesium halide with carbon dioxide. With a second molecule, 
R’MgX, these derivatives are changed into substances of the 
form RR.’C(OMgX),. A third molecule of the magnesium com- 
pound, R’MgX, reacts as follows: 

RR’/C(OMgX), + R’/MgX = RR’,COMgX + (MgX),0. 
This final product is decomposed by dilute sulphuric acid, with 
the formation of a tertiary alcohol. Grignard prepared in this 
way diethylisoamylcarbinol, isobutylisoamylearbinol, phenyl- 
diethylcarbinol, ethyldiphenylcarbinol. 

Fallenberg (Ber., 37, 3578-81) allowed organo-metallic com- 
pounds to act upon mesityl oxide and phorone. With care, he 
succeeded in obtaining a tertiary alcohol by the action of methyl- 
magnesium iodide upon mesityl oxide; it had the following struc- 
ture: 2,4- -dimethylpentene(3)ol(2 3 (CH, ),C: CH.C(CH,),OH, and 
boiled at 46° (14 mm.). From phorone, he prepared 2,4,6-tri- 
methylpentadién (2.5)ol(4), (CH,),C:CH.C(CH,)(OH)CH :C(CH,).. 

The reduction of acid amides, especially in the case of the 
higher amides, furnishes a new and successful method of ob- 
taining the corresponding alcohols. Bouveault and _ Blanc 
(C. R., 138, 152-54) carry out this reduction by allowing 
metallic sodium to act upon an alcoholic solution of the amide. 

R.CO.NH, + 4Na+4C,H,OH =RCH,OH + 4NaOC,H,. 
Some amine is formed, especially in the case of the lower amides. 
Caproic, pelargonic, and phenylacetic amides were reduced to the 
corresponding alcohols, with yields varying from 25 to 30 per cent. 
Scheuble and Loebl (MVonats. fiir Chem., 25, 341-53, 1081-1105) 
substitute amyl alcohol for ethyl alcohol, and prepare many of 
the higher alcohols from the amides. 

The method of Sabatier and Senderens was applied by Brunel 
(C. R., 137, 1268-69) to phenol, cresol, thymol, and 
carvacrol. By means of nickel and hydrogen, at temperatures 
between 100° and 200°, these compounds were reduced to the 
hexahydro alcohols. Phenol, at 170-175°, gave nearly the 
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theoretical amount of cyclohexanol, a liquid boiling at 160-161°. 
Thymol gave hexahydrothymol, C,,H,,OH, a liquid with a mint 
odor; it is stereoisomeric with menthol. 

The behavior of halogen ethers towards organo-magnesium 
derivatives is studied by Hamonet (C. R., 138, 813-14). 
He used ethyl-, phenyl- and benzylmagnesium bromides, and 
allowed these to act upon the halogen ethers, 

CH,.0.CH,Br and C;H,,.0.CH,Br. 
R.O.CH,Br+ RMgBr=R.O.CH,R+ MgBr,. 
In this way, he prepared amylpropyl ether, benzylmethyl ether 
and others. 

Alizarindimethyl ether was prepared by Graebe (Ber., 38, 
152-53) by changing alizarin into desoxyalizarin, methylating 
this with dimethyl sulphate in alkaline solution, and oxidizing 
the resulting product with sodium chromate in acetic acid solu- 
tion. The ether crystallizes in golden yellow needles. 

Aldehydes and Ketones.—Investigations made by Henriet 
(C. R., 138, 203-5) show that the atmosphere contains 
a small amount of formic acid, and, in addition, some formal- 
dehyde. He estimated the formaldehyde to be between */ ioo,o99 
and */,,000 by passing air over mercuric oxide heated to 250°, 
and collecting the carbon dioxide in potash bulbs; allowance was 
made for the carbon dioxide previously present in the air. 

Several articles by lLeyewetz and Gibello (C. R., 138, 
1225-27), Korber (Pharm. Ztg., 49, 608), Litterscheid and Thimme 
(Ann. Chem. (Liebig), 334, 1) deal with the known polymeric 
forms of formaldehyde, and describe the preparation of many 
new ones. 

When a-hydroxy acids are heated, they yield first lactides. Blaise 
(C. R., 138, 697) finds that these lactides, upon distilla- 
tion, lose carbon monoxide and some carbon dioxide, and are 
converted into aldehydes with one less carbon atom than the 
a-hydroxy acid. Thus: a-hydroxycaproic acid gave n-pentanal; 
a-hydroxynonylic acid gave n-octanal; a-hydroxypalmitic acid 
gave n-pentadecanal. ‘This method furnishes a means of transition 
from acids C,, to acids C,,_,. 

Grignard’s reaction has been used, directly or indirectly, in the 
preparation of aldehydes and ketones by several new methods. 

Galleman and Maffezzoli, Bouveault and others use ethyl 
formate with organo-magnesium compounds to obtain alde- 
hydes. The yield is poor. ‘Tschitschibabin (Ber., 37, 186-188: 
Also Bodroux: C. R., 138, 92-94) found that much better results 
could be secured by using orthoformic esters in the usual manner. 

HC(OR), + R’MgI = R’/CH(OR), + ROMgI. 
These acetals may be hydrolyzed with dilute acids, and the 
aldehydes obtained. Thus, C,H;MgI, with orthoformic ethyl 
ester, gave a yield of 25 per cent. of the acetal CH,CH.C(OC,H;),. 
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Béhal and Sommelet (C. R., 138, 89-92) employ a new meth- 
od to prepare aidehydes of the forms R,CH.CO.H and 
RR’CH.CO.H. They heat a-glycol ethers, RC(OH).CH,OX or 
RR’C(OH).CH,.O.X, in which X may be an alkyl or an aryl 
radical, with anhy drous oxalic acid. 
2RR’C(OH).CH,.0.X + C,H,O, = 2RR’CH.CO.H + C,0,X, + 

2H,0. 
The desired «-glycol ethers are obtained from ethyl ethoxy- 
acetate by the action of organo-magnesium compounds, 
Many aldehydes were prepared in this way. 

Acetylene aldehydes are synthesized by Moureu and Delange 
(C. R., 138, 1339-41) by treating acetylene hydrocarbons in 
ether solution with organo-magnesium derivatives, and an 
excess of ethyl orthoformate. The reaction is completed 
by heat, and the product is treated with dilute sulphuric acid. 
Acetals of acetylene aldehydes result; these may be changed into 
the aldehydes. Amylpropiolic acetal, C;H,,C: C.CH(OC,H,),, 
hexylpropiolic acetal, C,H,,C: C.CH(OC,H,), and phenylpropiolic 
acetal, C,H,C : C.CH(OC,H;), are some of the acetals formed 
by this method. 

Grignard’s reaction has been used in numerous instances 
(Acree: Ber., 37, 616, 625, 2753; Hell and Stockmayer: Ber., 37, 
225; Hell and Bauer: Ber., 37, 230, 453, 1429; Klages and Heil- 

mann: Ber., 37, 1447) to change aldehydes and ketones of the 
aromatic series into secondary and tertiary alcohols which may, 
in some cases, lose a molecule of water to give unsaturated com- 
pounds. 

Acids and Acid Derivatives.—An interesting reaction is de- 
scribed by Rengade (C. R., 138, 629-31). Sodium ammo- 
nium, NaNH,, or potassium ammonium, KNH,, react with car- 
bon dioxide, at temperatures below —50°, exclusively in one 
direction, with the formation of a carbamate, 
fp? 
\oK 
At somewhat higher temperatures (—35° to —25° for NaNH, and 
—10° to —5° for KNH,), the free hy: Pies reduces the carbamate 
partially to formate. This suggests the method employed by 
Moissan, in which carbon dioxide is reduced by means of sodium 
hydride, NaH, to formate. 

Thioformic acid is prepared according to Auger (C. R, 
139, 798) by saponifying phenyl formate with sodium sulphhy- 
drate. Sodium thioformate, HCO.SNa, is obtained as white 
hygroscopic needles. If this salt is decomposed by formic acid 
(not hydrochloric) in the cold, and the product is distilled under 
diminished pressure, thioformic acid, H.CO.SH, may be collected 
in a receiver surrounded by methyl chloride. It is found to bea 


CO, + KNH,=NH,— << +H. 
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liquid which soon loses hydrogen sulphide and polymerizes to a 
white amorphous mass. 

A method of characterizing fatty acids is suggested by Locquin 
(C. R., 138, 1274-76). It consists in preparing the semi- 
carbazones of acetol fatty acid esters as follows: One gram 
molecule of the acid to be identified is treated, in ether solution, 
with the calculated amount of sodium, and then with mono- 
chloracetone. 

RCO.ONa + CICH,CO.CH, = RCO.O.CH,.CO.CH, + NaCl. 
These acetol esters are then converted into semicarbazones which 
have definite melting-points. 

Braun (Ber., 37, 3588-91) describes a new synthesis of pimelic 
acid. By treatment of benzoylpiperidine with phosphorus 
pentachloride or pentabromide, a mixture of benzonitrile and 
pentamethylene dihalogen is obtained. By the action of potas- 
sium cyanide, the pentamethylene compound is converted into 
N: C(CH,);C: N, ‘which, upon hydrolysis, yields normal pimelic 
acid. If the calcium salt of pimelic acid is heated, it yields 


This series of changes affords a method of changing the imide 
group in piperidine to the carbonyl group. 

Blaise and Gault (C. R., 139, 137-39) have found that formal- 
dehyde condenses with two molecules of ethyl oxalate in the 
presence of piperidine and yields a compound, 

CO.0C,H,CO.CH.(COOC,H,)CH,CH.(COOC,H;).CO.COOC,H;. 
By hydrolysis with dilute hydrochloric acid, this yields dioxy- 
pimelic acid, COOHCO.(CH,),CO.COOH, a crystalline solid, 
which, by loss of water, is changed to pyrandicarbonic acid, 





a 
COOHC:CH.CH,CH :>C—O—COOH. 

Many esters of fatty acids are secured by a new method pro- 
posed by ‘Tschitschibabin (Ber., 38, 561-66). He applies 
Grignard’s reaction to the neutral esters of carbonic acid. The 
reaction may proceed in three stages as follows: 

I. CO(OC,H,), + RMgX = RC(OC,H,),0.Mg.X. 
” II. RC(OC,H;),OMgX + RMgX = R,C(OC,H;)OMgX + C,H,0. 
MgX. 

III. R,C(OC,H,)OMgX + RMgX =R,C.O.MgX + C,H,OMgX. 

If the reaction product is decomposed by dilute sulphuric acid 
after the first stage, an acid ester will result; if it is treated after 
the second stage, a ketone will be formed; after the third stage, a 
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tertiary alcohol will be obtained. With care, it is possible to 
realize the first process, and obtain a yield of 80 per cent. of ester, 
If orthocarbonic esters are used, orthoesters of fatty acids result. 

Marckwald (Ber., 37, 349-54) announces the synthesis of 
l-valeric acid, and considers that he has accomplished a true 
asymmetric synthesis. This he does by preparing the acid 
brucine salt of methylethylmalonic acid. By fractional crystal- 
lization, the less soluble form separates. When this brucine salt 
was heated to 170°, carbon dioxide was lost, and the brucine salt 
of valeric acid remained. With dilute sulphuric acid, this residue 
gave l-valeric acid, [a]p=—1.7°. This value corresponds to 
about ro per cent. of /-valeric acid. Cohen and Patterson (Ber., 
37, 1012-14) do not believe this synthesis is a real ‘‘asym- 
metric synthesis,” such as Fischer, Cohen and Whiteley, 
Kipping and others have tried to effect, since it depends, they 
say, upon the separation of two enantiomorphous ions, already 
present in solution, by the formation of the salt of an active base. 
They consider the method to be identical with the one used by 
Pasteur. 

Marckwald (Ber., 37, 1368-70), in reply, defines an asymmetric 
synthesis as one in which an optically active body results from a 
symmetrically constituted body, through the intermediate use 
of optically active substances, but without any analytical pro- 
cess. He considers the formation of /-valeric acid to be totally 
unlike the preparation of active malic acid from racemic acid, 
since the tartaric acid necessary must be prepared from racemic 
acid by an analytical process, viz., by splitting according to 
Pasteur’s method. He asserts that enantiomorphous ions are 
excluded, since methylethylmalonic acid reacts with brucine 
in chloroform or ether, non-dissociating solvents, and yields the 
acid brucine salt. 

The structure of the lecithin molecule is determined by Will- 
statter and Liideke (Ber., 37, 3753-58). They find that free 
glycerolphosphoric acid, CH,OH.CH,OH.CH,O.PO,OH, _ is 
optically active, which determines the position of the phosphoric 
acid group. 

Coehn and Jahn (Ber., 37, 2836-42) find that carbonic acid 
may be reduced to formic acid by means of the electric current, 
if a solution of sodium bicarbonate and potassium sulphate is 
chosen as the electrolyte. When a current of low density is used 
and carbon dioxide is conducted through the solution, formic acid 
is obtained. Even a pure water solution of carbonic acid gives a 
small amount of formic acid. 

Oxonium Compounds.—The discovery of the hydrochloride 
of dimethyl] ether, 
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by Friedel (Bull. Soc. Chim., 24, 160) in 1875 may be considered 
as the starting-point in the chemistry of quadrivalent oxygen. 
In 1877, van’t Hoff (Ansichten u. die Org. Chem., p. 62) proposed 
that the compounds of quadrivalent oxygen might possess basic 
properties. Since that time, the evidence (Dale and Schor- 
lemmer: Ann. Chem. (Liebig), 196, 84; Classen and Ponder: 
Ann. Chem. (Liebig), 223, 142; Wallach: Ann. Chem. (Liebig), 
246, 181; Perkin: J. Chem. Soc., 69, 1439) in favor of basic 
quadrivalent oxygen compounds has gradually accumulated. 

Collie and Tickle, in 1896 (J. Chem. Soc., 59, 619), rejected the 
old method of considering these derivatives as ‘‘molecular com- 
binations,”’ and decided to explain them as basic compounds of 
quadrivalent oxygen. They studied especially dimethylpyrone. 
Baeyer and Villiger (Ber., 34, 2677) have contributed very im- 
portant evidence. They found that alcohols, ethers, aldehydes, 
ketones, acids and esters all form crystalline compounds with acids, 
especially with hydroferrocyanic and hydroferricyanic acids. 
The evidence gained by applying physico-chemical methods 
(Walden: Ber., 34, 4185; Lacken: Ber., 35, p. 212; Cohen: Ber., 
35, 2673; Collie and Tickle: J. Chem. Soc., 85, 971; Willstatter: 
Ber., 38, 1461) of investigation has settled the question in favor 
of basic quadrivalent oxygen compounds. 

Recently, Archibald and McIntosh (Proc. Chem. Soc., 20, 139) have 
studied the action of liquid halogen acids upon acetone, ethyl 
ether, ethyl alcohol and other similar compounds. They find 
that hydrobromic, hydrochloric and hydriodic acids all form 
crystalline compounds which have melting-points ranging be- 
tween —120° and —9°. By the action of liquid hydrobromic 
acid upon anisol, they obtain an oxonium compound, 


This substance must contain an asymmetric oxygen atom. 

McIntosh (Proc. Chem. Soc., 21, 64-5) allowed chlorine and 
bromine to act upon certain alcohols and ethers, acetone, acet- 
aldehyde and ethyl acetate at low temperatures. Crystalline 
compounds resulted. Thus, CH,OH.Br,, which melts at —51°, 
and (CH,),OBr,, which melts at * 68°, were obtained. 

Cohen and Galecliff (Proc. Chem. Soc., 20, 194-96) find that 
ether, when shaken with dilute nitric acid, combines with it to 
form a compound which may be obtained as an explosive oil 
by drying the ether and evaporating,it. An analysis of this oil 
gave the composition (C,H;),OHNO,. Propyl ether combines 
in the same way with nitric acid to yield (C,H,),0,HNO,. 

Carbohydrates. —Morrell and Croft (/. Chem. Soc., 75, 786; 
77, 1219; 81, 666; 83, 1284-92) have continued their study of the 
action of ferrous salts and hydrogen peroxide upon carbohydrates. 
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They find that frequently, in addition to the osone, other products. 
result by the splitting of the carbohydrate. Thus, glucose and 
d-fructose, with four molecules of hydrogen peroxide, give oxalic 
acid, glycolic acid, glyoxalic acid, and trihydroxybutyric acid. 
In a more recent paper, Morrell and Bellars (Chem News, 90, 
158-159; British Assoc. Rept., 1904) describe crystalline substances 
formed by the action of guanidine upon osones, CN,H;, C,H,,0, 
C,H,O. Glucose and maltose form addition products with 
guanidine. 

Ofner (Ber., 3'7, 3362-63) has studied the action of methyl- 
phenylhydrazine upon sugars. 

Leyewetz and Gibello (C. R., 138, 150-152) obtain formose 
and glycerose by the action of sodium sulphite upon trioxy- 
methylene. 

Bau (Z. ver. Rubenzucker Ind., 1904, pp. 481-521) has isolated 
crystalline melebiose, and finds it to be a solid melting at 84-85°. 
The liquid which remains after the fermentation of meletriose is. 
treated with barium hydroxide, and the barium compound which 
is precipitated is treated with dilute sulphuric acid. By pre- 
cipitation with alcohol and ether, melebiose, C,,H,.0,,+2H,0, 
was obtained. 

Bertrand (Ann. Chim. Phys. [8], 3, 181-288) presents a 
complete survey of his fascinating studies in connection with the 
sorbose bacterium, which, in so singular a manner, is capable of 
oxidizing many polyatomic alcohols and sugars. In the case of 
polyatomic alcohols, he finds that the group =CH(OH) is changed 
to the carbonyl group. Thus, glycerol is changed to dihydroxy- 
acetone, sorbitol to sorbose, mannitol to levulose. Aldoses 
vield by oxidation the corresponding monobasic acids which may 
be oxidized in turn to ketone acids, if they contain an oxidizable 
secondary alcohol group. Thus, gluconic acid gave, in the 
presence of the sorbose bacterium, oxygluconic acid. Recently, 
Bertrand has found that sorbose may be reduced by sodium 
amalgam in acid solution to a mixture of d-sorbitol and d-iditol. 
Dihydroxyacetone, contrary to the report of Piloty and Emmer- 
ling, is fermentable with difficulty. The reducible ketoses give 
no characteristic oxidation product, but are slowly destroyed by 
the sorbose bacterium. 

Terpenes and Camphor Derivatives —Briihl (Ber., 37, 746, 761, 
2156, 2163, 2178, 2512, 3943) has made a study of the various 
halogen and acyl derivatives of camphorcarboxylic acid and of 
camphor itself. 

W. H. Perkin, Jr., (Tians. Chem. Soc., 85, 128) prepared 
synthetically 7-a-campholactone, 7-a-campholytic acid and {- 
campholytic acid. 

The most important discovery in connection with the terpenes 
was made by W. H. Perkin, Jr. (Trans. Chem. Soc., 85, 654). 
He has worked out a complete synthesis of terpin hydrate, ter- 








REVIEW. 1565 


pineol, and dipentene. The starting material is the ethyl ester of 
$-ketohexahydrobenzoic acid, 
C= 


O 
HC / . CH, 
HC q ’, CH, 
H” \cOOR 


This ester is treated with magnesiummethyl iodide according to 
Grignard’s reaction. The chief product is cis-d-hydroxyhexahydro-p- 


toluic acid, CH,—CH,—C(OH)(CH,).CH,—CH,CHCOOH, which, 
upon distillation, passes into the corresponding lactone. This 
lactone with concentrated hydrobromic acid is changed to 6- 
bromhexahydro-p-toluic acid, which, by digestion with pyridine 
or sodium carbonate, gives A®-tetrahydro-p-toluic acid; when the 
ester of this acid is treated with magnesiummethyl iodide, it 
gives 2-terpineol. This yields dipentene when it is treated with 
potassium disulphate, and terpin hydrate, when acted upon by 
dilute sulphuric acid. These relations are represented by the 
following formulae: 





CH, CH, CH, 
| | 

C C C—OH 
H,C i : CH HC ( CH HC ( \\ cH, 
Hc) cH, HC L po, HC | ) CH, 

CH CH CH 

| | | 

C C—OH C—OH 
cH,’ Scu, cH,” \CH, cH,’ ‘cH, 

Dipentene. Terpineol. Terpin hydrate. 


NITROGEN COMPOUNDS. 

An interesting method of preparing normal sodium diazotate 
is. recorded by Bamberger (Ber., 37, 629-30). It consists in 
treating nitrobenzene with sodium amide 

C,H;NO,+ NaNH,=C,H;,N,ONa+H,0. 
The yield is very small. 

Sabatier and Senderens (C. R., 138, 457-60; 257-59) reduce 
aniline by means of nickel and hydrogen at 190° to cyclo- 
hexylamine, C,H,,NH,,—a colorless liquid with a strong basic odor. 
At the same time, dicyclohexylamine and cyclohexylaniline are 
formed. In a similar manner, at 160-180°, both mono- and 
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dimethyl- and ethylaniline, are reduced to the corresponding 
hexahydro compounds. 

Amino Acids.—Curtius and Miller (Ber., 37, 1261-79) present 
many new investigations connected with the diazo fatty acid 
esters. They have found that only a-amino acid esters can 
furnish diazo fatty acid esters; from $- and y-amino acid esters, 
no diazo compound could be isolated; while a-§-diaminopro- 
pionic ethyl ester gave a-diazo-3-hydroxypropionic ethyl ester. 

A new synthesis of r-leucine is described by Bouveault and 
Locquin (Bull. Soc. Chim. [3], 31, 1180-83). By treating a- 
oximinoisobutylacetic ethyl ester with sodium amalgam, they ob- 
tained a-aminoisocaproic ethyl ester, and from this a-amino- 
isocaproic acid, which is identical with r-leucine. Aluminium 
amalgam gave better results than sodium amalgam. 

Fischer (Ber., 36, 2982; 37, 2486-2511; 37, 2842-48; 3062-71; 
3871-75) has published many very interesting articles on the 
synthesis of polypeptides. It is interesting to note that there is a 
great similarity between these artificial polypeptides and the 
natural peptones. This is especially true of the synthetic prod- 
ucts which contain more than one amino acid group, that is, 
‘‘mixed polypeptides.” The ordinary reactions of peptones, 
such as the biuret test, precipitation by phosphotungstic acid, 
hydrolysis by trypsin, are presented by the artificial polypeptides. 
Fischer thinks that the building up of polypeptides is the most 
important step in the synthesis of peptones. It will be impossible 
to give a review of this extensive work. The general method 
of procedure by which the simple amino acids lead to dipeptides, 
tripeptides, tetrapeptides, etc., is as follows: A monohalogen or 
dihalogen acid chloride is allowed to act upon an amino acid in 
the presence of alkali. Thus, monochloracetyl chloride with 
glycine gives 

CH,C1.CO.Cl+ H,N.CH,.CO.OH = 
CH,CI.CO.NHCH,.CO.OH + HCl. 

If the resulting monochlor derivative is treated with aqueous 
ammonia, the chlorine atom is replaced by the amino group, 
CH,C1.CO.NH.CH,.COOH + NH, = 

CH,(NH,)CO.NH.CH,.COOH + HCl. 
The resulting compound is a dipeptide, glycylglycine. The 
same reaction may be repeated again and again. Fischer carried 
the reaction as far as the pentapeptide, tetraglycylglycine, 
H,N—CH,.CO.(NH.CH,.CO),NH.CH,.COOH. Various other di-, 
tri- and tetrapeptides were built up, by selecting other mono- 
halogen or dihalogen acid chlorides, and other amino acids, such 
as leucine, alanine, tyrosine. Mixed polypeptides were formed 
by using different chlorides. Thus dileucylglycylglycine, a 
tetrapeptide, was prepared by Fischer. 

Derivatives of a-pyrrolidinecarboxylic acid, called by Fischer 
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‘‘prolin,” are studied by Fischer and Suzuki (Ber., 37, 2842-48), 
and by Fischer and Abderhalden (Ber., 37, 3871-75). This 
substance is of importance because it is the only imino base 
found in proteins. 

Dyes and Related Compounds.—Previous attempts to prepare 

quinone diimide by the reduction of quinone dichlorimide failed. 
Willstatter and Mayer (Ber., 37, 1494-1507) succeeded in pre- 
paring it by treating the quinone dichlorimide with hydrochloric 
acid in absolute ether solution. Chlorine is liberated, and the 
hydrochloride of quinone diimide is formed. With ammonia in 
ether solution this salt yields quinone diimide, a substance which 
crystallizes in bright yellow crystals which decompose at about 
50-60°. 
° There is still no unanimity of opinion concerning the con- 
stitutions to be assigned to the triphenylmethane colors. Baeyer 
and Villiger have varied their opinion from time to time between 
the quinoid ammonium theory, and the theory of carbonium 
salts. In his last paper, Baeyer (Ber., 38, 569) considers that the 
quinoid structure is no longer tenable. He reverts tothe carbo- 
nium theory, or a modified form of Rosenstiehl’s (C. R., 
116, 193) view. Many interesting suggestions concerning the 
structure of these compounds have been made by Hantzsch 
(Ber., 37, 3434), Von Braun (Ber., 37, 633, 2670), Vorlander and 
Siebert (Ber., 37, 3364), Straus (Ber., 37, 3277) and others. 

Alkaloids.—The most important discovery of the year in con- 
nection with alkaloid chemistry, is the complete synthesis of 
nicotine. This was accomplished by Pictet and Rotschy (Ber., 
37, 1225) in the following manner: In a previous article Pictet 
and Crepiéux (Ber., 28, 1904) describe the preparation of 
N-3-pyridylpyrrols by distilling $-aminopyridine mucate. 
When this substance is passed through a tube heated to redness, 
it is changed into the isomeric a,$-pyridylpyrrol. By the action 
of methyl iodide upon the potassium salt of this compound, a,(- 
pytidyl-N-methylpyrrol methyl iodide is formed. This is 
identical with the methyl iodide addition product of nicotyrine, 
which is obtained by the moderate oxidation of nicotine. 

From this methyl iodide addition product, nicotyrine may be 
obtained by distilling it over heated calcium oxide. To change 
nicotyrine to nicotine, it requires the addition of four atoms of 
hydrogen. This could not be done directly, but was accom- 
plished indirectly by preparing iodonicotyrine by the action of 
iodine and sodium hydroxide upon nicotyrine. The reduction 
of iodonicotyrine with tin and hydrochloric acid gave dihydro- 
nicotyrine. Finally, the perbromide of this dihydronicotyrine 
was reduced, and nicotine obtained. It appears to be identical 
with inactive nicotine. 

Inactive nicotine was resolved into its active components by 
separating the crystallized tartrates into the d- and /-modifica- 
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tions. J-Nicotine, prepared synthetically, appears to be slightly 
different from natural /-nicotine. This synthesis establishes 
the correctness of the formula proposed by Pinner. 


CH;—CH, 

| 

O \- Sth 
a Wee. 


Through the investigations of Pauly (Ber., 37, 379), Jowett 
(Trans. Chem. Soc., 85, 192), and of Bertrand (Ann. Institute 
Pasteur, 18, 672) the synthesis of adrenaline is fast approaching 


completion. 


NEW BOOKS. 

LANDOLT-BORNSTEIN PHYSIKALISCH-CHEMISCHE TABELLEN. Heraus- 
gegeben von DR. RICHARD BORNSTEIN und DR. WILHELM MEYER- 
HOFFER. Berlin. Verlag von Julius Springer. 1905. Price, 36 marks, 

The first edition of this indispensable work was published in 
1883, the second in 1894, and the third has just appeared. In 
the first edition, 110 tables, occupying 246 pages, were prepared 
by six contributors. In 1894, there were 208 tables, occupying 
560 pages, with seventeen contributors. The present edition 
contains 264 tables in 857 pages, with forty-seven contributors. 

The increase in the variety of subjects tabulated is somewhat 
more than that suggested by the increase from 208 to 264 tables, 
for sometimes half a dozen or more tables in the second edition 
are counted as one in the present edition. So also, the 52 per cent. 
increase in the number of pages is much less than the actual in- 
crease in the amount of type set. The standard tables of the 
earlier edition have been given with type precisely equal in size 
to those used before, but some tables have been given in the 
more compact and convenient form in which six-place or seven- 
place logarithms are always printed, and some of the new matter 
is given in type which gives a fourth more lines on a page. 

Like the first edition, the book gives tables for the reduction of 
the observations required by physical chemistry, and also a 
collection of the physical constants of this branch of chemistry, 
as well as a reference to the source of each. But the character 
of the book is so well known that detailed description of it is not 


required. 
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Some few subjects have called for no enlargement, like tables 
for reduction of volumes of gases to standard conditions. Such 
subjects as Elasticity, Capillarity, Viscosity, Thermal Expansion, 
Index of Refraction, each require about one-half more space than 
in the edition of 1894. Tables of Vapor-pressure, of Solubilities, 
and of Thermochemistry, each take about three times the former 
space. The most interesting point of difference between the 
second and third editions is seen in the tables on Solubilities. 
The seventeen pages entitled ‘‘Solubility of Salts........ in 
Water” in the edition of 1894, have, in the present edition, been 
transformed, by the results of studies guided by the phase rule, 
into sixty pages entitled ‘‘Equilibrium between Water and In- 
organic Substances,’ and containing about forty diagrams ex- 
hibiting illustrative curves. 

The tables of Electrical Conductivity have been much im- 
proved, but with some compression. Changes in other matters 
hardly call for specific mention. 

This collection of tables would be indispensable even if the 
execution had left something to be desired. But the whole work 
of collection and selection, and editing, has obviously been per- 
formed with the thoroughness, the good judgment, and the skill 
and accuracy, which we had learned confidently to expect from 
its distinguished editors and from the contributors whom they 
should select. 

In the first edition, Landolt’s initial appeared at the bottom of 
not quite one-third of all the pages, and Bérnstein’s on nearly 
two-fifths. In the present edition, Landolt’s name appears 
only in the title. The name of Bérnstein, sometimes accom- 
panied by another, appears on many more pages than before, 
and the third editor, Meyerhoffer, contributes about as many 
pages as did Landolt twenty years ago. Chemists feel towards 
the editors of 1883 and 1894, and will feel towards the editors of 
1905, a gratitude which they would be glad of some opportunity 
to express, and congratulate them on the successful completion’ 
of a work so admirable in plan and so satisfactory in execution. 

Good presswork and sound and durable paper do credit to the 
publisher ; the binding is of doubtful durability. 

Epwarp W. Mortey. 


RADIUM AND RADIOACTIVE SUBSTANCES. Their Application Especially to 
Medicine, By CHAS, BASKERVILLE, PH.D., Professor of Chemistry 
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and Director of the Laboratory, College of the City of New York, 
formerly of the University of North Carolina. Philadelphia: Williams, 
Brown and Earle. 1905. 164 pp. Price, $1.00. 

As stated in the preface, the object of this book is ‘‘To fill a 
demand for an inexpensive non-mathematical work on the subject 
of radium and its application to medicine.’’ The success which 
has attended the author’s efforts is not perfectly apparent. The 
limited space which has been devoted to the discussion of the 
various topics has necessitated a briefness of treatment which is 
not always conducive to clearness of meaning, and the great 
number and variety of original papers to which reference is made 
have led to a condensation of material which not infrequently results 
in ambiguity. A lack of system in the presentation of the subject 
is apparent in a number of instances, as, for example, where 
separate sections are devoted to the discussion of actinium and 
“emanium”’ without any mention of their probable identity, 
and where the similarity between polonium and radio-tellurium 
is likewise disregarded. 

The value of the book is much enhanced by the introduction 
of a generous series of references to individual papers which may 
possibly afford a convenient directory to some of those desiring 
to consult the original literature on the subject. 

The chapters on the physiological action of radio-active sub- 
stances and other therapeutic radiations cover about forty pages. 
It is stated in the preface that ‘‘The writer is not in a position 
to harmonize the contradictory evidence given in reputable 
medical journals as to the therapeutic uses of the salts of radium, 
consequently the observations have been impartially reported.” 
The general appearance of the volume is neat and attractive. 

B. B. BoLtTwoop. 


SpEcTRoscopy. By E. C. C. BALy, F.I.C., Lecturer on Spectroscopy, Uni- 
versity College, London. London and New York : Longmans, Green 
& Co. 1905. Crown 8vo, vi -+ 568 pp. Cloth. Price, $2.80. 

This volume is the latest of the series of Text-Books of Physical 
Chemistry, edited by Sir William Ramsay. It devotes 47 pages 
to a historical account, about 300 pages to prism, grating, and 
interferometer spectroscopic apparatus and methods of investi- 
gating the visible and invisible regions of spectra, with a chapter 
on efficiency of spectroscopes, and about 180 pages to the methods 
of production and nature of spectra, the. Zeeman effect, series 
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relations, and changes of wave-length by pressure and by motion 
in the line of sight, concluding with a description of Rowland’s 
ruling engine. Complete tables of wave-lengths have wisely 
been omitted, although the wave-lengths of the most important 
lines of the common elements are given in the text. Space is 
also saved by the omission of detailed descriptions and repro- 
ductions of spectra, real knowledge of which can be gained only 
by direct personal observation. The elementary optical theory 
of spectroscopic apparatus and the methods of adjustment and 
investigation are discussed with great thoroughness, with many 
valuable practical suggestions. For the purposes of the general 
student, it might have been better to have abbreviated the 
descriptions of the less commonly used apparatus and methods 
and to have given more space to such matters as the radiation of 
black bodies, Kirchhoff’s law and ‘‘luminescence,’’ changes in 
spectra produced by changes in physical conditions, and the 
bearing of recent ionic and electron theories on radiation phenom- 
ena, particularly on the origin of multiple spectra. 

The book is clearly and concisely written and attractively 
printed, but contains some typographical errors. 

There has long been need of a compendious text-book in spec- 
troscopy, thoroughly up-to-date and giving a really adequate 
working knowledge of instruments and methods of research. 
This work very satisfactorily supplies the need, and will be warmly 
welcomed by all teachers of the subject. 

PERCIVAL LEwIs. 


ELEMENTS OF APPLIED Microscopy. By CHARLES-EDWARD AMORY 
Winslow, Instructor in Industrial Microscopy and Sanitary Biology in 
the Massachusetts Institute of Technology. I2mo. 183 pp. 60 illustra- 
tions. New York: John Wiley & Sons. Price, $1.50. 

This little book is intended for the beginner with the microscope. 
It meets a pedagogic need as a text in a course having for its 
object facility in manipulation of the microscope and acquaintance 
with the scope of its practical applications. 

The first four chapters describe the function and manipulation 
of the principal parts and attachments of the modern compound 
microscope, and the general technique of microscopy. The 
remainder of the book—about 120 pages—is given to an inter- 
esting survey of the principal fields in which the microscope has 
been applied to practical affairs, e. g., microscopy of starches, 
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foods, drugs and adulterants, textile fibers and paper; the micro- 
scope in medicine, sanitation, forensic cases, chemistry, petrog- 
raphy and metallography. Sixty figures elucidate the text. 

The material is for the purpose of illustration and conservative 
suggestion rather than detailed description. The book contains 
but little original data and does not attempt to treat any single 
subject with completeness from the standpoint of the expert. 
A bibliography at the end of each chapter will be of use to the 
student stimulated to consult the more exhaustive works. 

The book can be very helpful to beginning microscopy students 
of almost every class. RosBert E. Lyons. 
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THE POLARISCOPE IN THE CHEMICAL LABORATORY. By GEORGE WILLIAM 
ROLFE. New York: The Macmillan Company. Price, $1.90. 

At the present day no laboratory for ordinary research, com- 
mercial business, or teaching is considered complete without a 
good polariscope. There has long been need for a handbook 
less ponderous than Landolt’s for the use of students and analysts. 
This work of Rolfe is intended to supply this want. 

The author gives a short account of the fundamental principles 
of optical polariscopy. A brief history of the polariscope is given 
with a description of the ordinary types. The polariscope as a 
saccharimeter is next described with an account of the accuracy 
of saccharimetrical uses. The methods of installing and caring 
for a saccharimeter are given in some detail and are of great value. 
Apparatus which are used in connection with the polariscope are 
briefly described. Special forms of polariscopes also receive a 
separate chapter. The general principles of polarization of cane- 
sugar for commercial purposes are set forth and the ordinary 
errors attending the commercial use of the polariscope for the 
determination of cane-sugars are pointed out. The author is 
of the opinion that the sum of the errors of ordinary commercial 
work is practically zero, since some of them, such as the pres- 
ence of lead precipitate, tend to increase the polarization, and others 

- tend to diminish it, as for instance, polarization at temperatures 
above that at which the instrument is standardized. This ob- 
servation could hardly be applied with justice to the ordinary 
polarization of sugars for dutiable purposes. The great bulk of 
these sugars are centrifugal sugars of the first crystallization of 
an average polarization of about 95. The lead precipitate in 
these sugars is extremely minute. They, however, are often 
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polarized at from 10° to 15° above the standard temperature of the 
instrument, thus introducing an error of from 0.3 to 0.5 per cent. 

Usual methods of polarization where more than one optically 
active substance is present are described. The importance which the 
author attaches to errors caused by change in specific rotation of 
sucrose due to concentration would lead the reader to the opinion 
that such change is greater than that in specific rotation due to 
variation of temperature; such, however, is not the case. 

A valuable chapter is that relating to the application of the 
polariscope in scientific research; this shows how the _ polari- 
scope may be used in the study of some of the fundamental 
principles of physical chemistry. A valuable chapter is also 
contributed on the application of the polariscope to other bodies 
besides carbohydrates. A very interesting and practical part 
of the work is not indicated by the title; namely, pages 111 to 
220 inclusive, which deals chiefly with technical subjects relating 
to sugar and starch manufacture, and the chemical methods for 
the determination of sugars and other carbohydrates. 

The book as a whole will prove useful. It may be regarded as a 
reduction to practice of Landolt’s work, to which have been added 
many practical suggestions derived from the large experience 
of the author. H. W. WILEY. 


SEWERAGE AND SEWAGE PURIFICATION. By M. N. BAKER, Pu.B., C.E. 
New York: D. Van Nostrand Company. 1905. Price, 50 cents. 

This book is a second edition of No. 18 of the Van Nostrand 
Scientific Series which was published in 1895. The study of the 
past ten years has added decidedly to our knowledge of the 
bacterial changes that sewage undergoes as the decomposition 
of the organic matter that it contains proceeds. The ideal 
purification of sewage is accomplished when its noxious sub- 
stances are completely changed into mineral substances and 
harmless gases. To do this as completely as possible and at an 
allowable cost is the aim of the sanitary engineer, and the studies 
of the past ten years have had this end in view. 

Mr. Baker has had the opportunity to study, not only in this 
country but in England, the change in methods that has resulted 
from this study, and the portion of his book that treats of sewage 
purification, the last fifty-eight pages, has been almost entirely 
rewritten, and describes briefly but clearly the treatment of sewage 
by intermittent filtration beds, by septic tanks, by contact beds 
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and percolating filters. The first ninety-five pages of the book 
are devoted to sewerage and are practically a reprint of the same 
pages of the first edition. They treat of the health value of a 
sewerage system, preliminary reports and plans, cost and methods 
towns can employ for meeting the cost, and also details regarding 


construction, as main conduits, grades, man-holes, catch basins, 


storm overflows, depth and ventilation of sewers. The book is 
well written and gives a good general idea of the main points of a 
sewerage system and of sewage treatment. It can well be said 
to be one of the best of Van Nostrand’s Scientific Series. 
LEONARD P. KINNICUTT. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY. Edited by J. J. ABEL AND C. 
A. HERTER. Vol. I, No. 1. New York. 1905. Subscription price, 
$3.00 per volume. 

It has long been recognized that a very considerable amount 
of excellent work in biological chemistry is done in this country 
which suggested the desirability of founding here a journal 
devoted to this growing specialty. Such a journal was an- 
nounced some months ago and the first number has just been 
issued. It contains five articles, as follows: John J. Abel and 
R. DeM. Taveau: ‘“‘On the Decomposition Products of Epinephrin 
Hydrate; Reid Hunt: ‘The Influence of Thyroid Feeding upon 
Poisoning by Acetonitrile ;’ P. A. Levene: ‘“The Cleavage Products 
of Proteoses ;” Edward R. Posnerand William J.Gies: ‘(Is Protagon 
a Mechanical Mixture of Substances or a Definite Chemical Com- 
pound?” Frank P. Underhill: ‘‘Certain Aspects of Experimental 
Glycosuria.” 

On the title-page along with the names of the editors there are 
the names of twenty-two men as collaborators. This list of 
names is sufficient to guarantee the successful future of the 
journal, as far as contents, at any rate, are concerned. The 
general appearance of the new publication, which is printed on 


good paper with clear type, calls for distinct praise. 
J. H. Lone. 


JAHRBUCH DES VEREINS SPIRITUS-FABRIKANTEN IN DEUTSCHLAND, UND 
DES VEREINS DER STARKE-INTERESSENTEN IN DEUTSCHLAND. 
Finften Jahrgang, 1905. Fiir der Schriftleitung verantwortlich, Dr. 
G. HEINZELMANN. Berlin: Paul Parey. Price, M. 6. 

As usual, this Jahrbuch is a true record of progress in 
the alcohol and starch industries of Germany, better known 
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in this country as the corn-products industries. It covers 
the proceedings of the two leading societies, in which are discussed 
the questions relating to culture of the potato, the sole source of 
starch and largely the source of alcohol in Germany, the pres- 
ervation of the crop, the operations of manufacture both mechani- 
cal and chemical, and the work of the Gahrungs-Institut in Berlin. 
It is distributed free to all members of the two societies named 
and to subscribers to the Zedtschrift fiir Spiritus Industrie. It is 
a work which should find place in the library of every one inter- 
ested in either of the industries named. It is not possible to enter 
into details of the contents of this excellent Jahrbuch. It is suffi- 
cient to say that practically every step in the manufacture of starch 
and alcohol is intelligently discussed, beginning with the most ex- 
cellent paper of Privy Councillor Delbriick on ‘““Enzyme Action”’ 
and, including the report of Dr. Hanow upon questions which have 
arisen in the spirit distilleries, regarding pure yeast and grain dis- 
tilleries, acetic acid manufacture and the manufacture of starch, 
that of P. Lindner and Dr. Henneberg on the exhibitions, fer- 
mentation methods, pure cultures, etc. Abstracts of papers on 
technical subjects published in the Zettschrift fiir Spiritus In- 
dustrie, Jahrgang, 1904; answers to queries by Dr. Heinzel- 
mann, the latter covering the use of potatoes, Jerusalem arti- 
chokes, and fecal matter as sources of alcohol in which he dis- 
cusses all the stages of manufacture, and statistics of the industries 
by Dr. Lange and Dr. Behrend, all combine to make the Jahr- 
buch of exceptional value to agriculturists and spirit and starch 
technologists alike. For instance, the studies in potato culture 
and the results obtained are well worthy of the careful attention 
of our agriculturists; the technical uses of alcohol will interest 
those who would have tax-free alcohol in this country and should be 
carefully studied. According to the Jahrbuch, fecal matter as a 
source of alcohol must be abandoned. Like its predecessors, 
this Jahrbuch commands both interest and respect and is quite 
worthy of its very eminent authors. WiLit1aAM McMurTRIE. 


SUGAR AND THE SUGAR CANE. An elementary treatise on the agriculture 
of the sugar cane and on the manufacture of cane sugar. By NOEL 
DEERR. Published by Norman Rodger, Altrincham (Manchester). 
Price, 7s 6d net. 

The object of the author in publishing this interesting book of 

400 pages, as stated in his preface, ‘‘is to present in one con- 
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secutive whole a general view of the cane-sugar industry. As 
there is no recent work in English covering this ground, he hopes 
that this compilation may be of use to the English-speaking com- 
munity connected with the cane-sugar industry.” In com- 
piling the information contained in this treatise, the author very 
modestly disclaims any great originality on his own part; never- 
theless he has shown, on the whole, such good judgment in the 
difficult task of selection and arrangement of material that his 
publication will rank as one of the most valuable of recent con- 
tributions to the literature upon the subject. Contrary to the 
usual custom of writers upon sugar-cane, the author has not 
limited himself to the conditions and methods of any one cane- 
producing country, but has treated his subject from a general 
standpoint, as is evidenced by the wide range of books and journals 
consulted. 

The first 8 chapters of the book deal with the general character- 
istics of the cane and its agricultural requirements. The cultiva- 
tion, irrigation and fertilization of cane are fully discussed, as 
well as the methods of harvesting, transporting, and unloading. 

Chapters 9 to 19 are given to the discussion of sugar-house 
work, special stress being laid upon the subjects of extraction, 
evaporation, and crystallization. The molasses and bagasse 
problems are also briefly treated. 

Chapters 20 to 23 give directions for the chemical control of 
the sugar house with a description of methods of analysis. The 
author’s omission, however, of Allihn’s method for glucose—the 
standard method of sugar chemists in this country and Germany 
—must be regarded as a serious mistake. His criticism of the 
German process as being less accurate and convenient than the 
time-consuming ‘‘American (?) method”’ of Defren and O’Sullivan 
is hardly warranted. 

The concluding chapter of the book upon ‘‘fermentation” 
will be of interest to those desiring information upon molasses 
distillation. The typography of the volume is, on the whole, 
good, and the text is well illustrated with numerous explanatory 
cuts and diagrams. The nine colored plates of several typical 
varieties of cane are an especially attractive feature. Louisiana 
readers will no doubt fail to recognize their so-called home canes, 
the Ribbon and Purple, under the names of Striped Tanna and 
Black Tanna. This, however, is only one of countless instances 
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of the confusion which has arisen in the nomenclature of canes, 
and the reader, after finishing Chapter III of Mr. Deerr’s book, 
will readily agree with his verdict that the subject of classification 
‘‘is in an almost hopeless state.” 

Those desiring a condensed treatise upon the agriculture and 
technology of the sugar-cane industry will find Deerr’s ‘‘Sugar 
and the Sugar Cane” deserving of attention. 

C. A. BROWNE, JR. 


Economic GEOLOGY. A semi-quarterly journal devoted to geology as ap- 
plied to mining and allied industries. Published by the Economic Ge- 
ology Publishing Co., 41 N. Queen St., Lancaster, Pa. Price, 50 cents 
a copy, or $3.00 a year; foreign subscription, $3.75 a year. 

This journal has been established to fill the long-felt want of a 
periodical in the English language devoted exclusively to the 
subjects named in the sub-title. It is the purpose of the founders 
to make this in every way a first-class medium for the publication 
of articles of scientific merit, excluding those which have to do 
with the engineering and commercial aspects of mining. That 
this high aim is likely to be fulfilled, the names of the editor and 
his associates give full assurance. These are: J. D. Irving, 
editor; Waldemar Lindgren, James F. Kemp, Frederick L. Ran- 
some, Heinrich Ries, Marius R. Campbell, Charles K. Leith, 
associate editors. The first number appeared in October, with 
contributions by Messrs. Ransome, Kemp, Campbell, Lindgren 
and Keith of the editorial board, and E. C. Sullivan. Most if 
not all of these will be duly noticed in the pages of this Journal 
devoted to abstracts. W. F. HILLEBRAND. 


CATALOGUE OF THE WARD-COONLEY COLLECTION OF METEORITES. By 
HENRY A. WaRD, A.M., LL.D. Chicago, 1904. xii + 113 pp. Plates. 
The Ward-Coonley collection, as all students of meteorites 
know, is deposited provisionally in the American Museum of 
Natural History, New York City. The falls represented num- 
bered in the year of publication 603, thus making it in this 
respect the largest of the great collections. Following a preface 
and introduction, the catalogue proper is subdivided into sections 
covering Siderites, Siderolites, Aerolites, after which come lists 
of all known meteorites and their geographical distribution, a 
section on taxonomy, etc. The publication is worthy of the great 
collection which it represents. W. F. HILLEBRAND. 














RECENT PUBLICATIONS. 

ANALYSIS OF MILK AND MILK Propucts. By H. Leffmann. 
Ed.3,rev. Philadelphia: P. Blakiston Son&Co. 1905. 6+78 pp. 
$1.25. 

ON THE QUANTITATIVE SEPARATION OF THE GLOBULINS OF HEm- 
OLYTIC SERUM WITH SPECIAL REFERENCE TO THE CARBON DIOx- 
IDE Group. ByC. Quinan. Berkeley, Cal.: University of Cali- 
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I2+93I pp. $5. 

A LABORATORY HAND-BOOK FOR THE ANALYSIS OF MILK, Bur- 
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A SYSTEMATIC COURSE OF PRACTICAL ORGANIC CHEMISTRY. 
By L. G. Radcliffe and F. Sinnatt. New York: Longmans, Green 
&Co. 1905. 11+264 pp. $1.40. 

PRODUCER GAS : THE PROPERTIES, MANUFACTURE AND USES 
or GasEous FuEL. ByA.H.Sexton. New York: Spon & Cham- 
berlain. 1905. 225pp. $4.00. 

TRAITE DE CHIMIE APPLIQUEE. T.1. By C. Chabrié. Paris: 
Masson et Cie. 1905. 40+876 pp. 22 fr. 

ANALYSE CHIMIQUE MINERALE, QUALITATIVE ET QUANTITATIVE. 
By E. Prost. Paris: Ch. Béranger. 1905. 12 fr. 50. 

ZUR ERKENNTNIS DER KOLLOIDE. UBER IRREVERSIBLE Hy- 
DROSOLE U. ULTRAMIKROSKOPIE. By R. Zsigmondy. Jena: G. 
Fischer. 1905. 6+186 pp. 4 marks. 
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ANFANGER U. GEBUYERE. Aufl. 4. By G. H. and Remigius C. 
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PaMment, TECENC MICLACUIe os 4:35:45 56 sienaiaty date aeies ew eee «da al deale we 421 
WORESINIP OP AUT INCA LICE o 5 5 c02 012), 5 dsulelsiniss too olen «hes ow ease ae eae ee 104 
Cafium. separation OF on fois «6... 6a ciccoe wo eka ee new an eee 1549 
CHAMBERS, VICTOR J. See Marston T. Bogert. 

Chorles’ law, apparatus for proving. ....%...5.06sb 0a sanees saaeieee 746 
CHENTCAR GIASS WATE Sj 5:5. 2-<)S:01icichesace sve cisioie ea taleteie a eeretae Sereielokeee arerarete 865 
Chemicalandustries, progress itt «70. 1c an eons vis ees dedeeccueume 405 
Chemical: preservatives tm aie «6 sisisiaah wore: ¢ nmi ddaieiasen Oo wee wren omer 1060 
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1586 INDEX. 
Chlorides, electrolytic analysis of, 1544; Preparation of anhydrous.. 47 
Chlorine, atomic weight, 459; determination....................000- 1347 
MS FOTOS PSE a c5s.0i re wi pieleisiniclsia ina sods <ibie Gls nb NSIS Siaiwla Gs, arewratasiieley 1016 
Chlorsulphonic acid, compounds with oxygen—containing organic sub- 
RENIN 5 Lo.rainche so ayiatiaceiiatiar isis plies aah eine eyo $rTa nila Litre RSIS See ah Rall ire Raha Weta eerees IOI5 
RO HIRI TIO TOR SUG IUINIO S, cis.oicie Wea 9 eae. 6 owe wie gang blazes lalaned Simieaeeyetemverere 73 
Chromium, determination ................... 1265, 1352, 1353,1357, 1550 
Cinnamic aldehyde, determination of.................0cceeecceseees 1323 
rita CHORE ATION OL 6:0. 6.5:<.9-56:5 0 0.0:0. 0:4 6:6 sv ater. 4 wieipieCcigiavaleauaaliwesiie, eielels 1323 


CLARKE, FRANK W. The water of the Yukon, 111; Twelfth annual re- 
port of the Committee on Atomic Weights. Determinations pub- 


SEAR ATTN ya asa clcclisisSeist ca wh pts orc Site. Sst ldo otenasoilenser a breLeratehoiaiseo.« 177 
CLARKE, FRANK W., T. E. Thorpe, Karl Seubert, and Henri Moissan. 

Report of the International Committee on Atomic Weights....... I 
STs ee haa ESE I YO 6 occa anise vacanevanalis erarelene saa wlereig aero ores aie rela ave 415 
CORMAN SEIS che (5; 1) 2 ne eve ar ne ee ee rr eee ee 1037 
Coal, fuel value of ashes, 609; Spontaneous ignition of.............. 409 
CoaTEs, CHARLES E., and Alfred Best. The hydrocarbons in Louisi- 

CVETON Teel 10) foi 525 aes eee eer nr eine ee Sere enka 1317 


Cobalt, certain organic salts, 386; Electrolytic determination, 1264, 
1545; Separation from nickel, 1355; Separation of cadmium from.. 1286 


CocuRAN, C. B. The estimation of fat in infant and invalid foods..... 906 
Conn;-Arrerp I, translation iby: <. ..00:0:0: icici 0090 6 bi ncieevarne 9 epee oes 454 
CoLE, SypNEY W. Exercises in Practical Physiological Chemistry 
ESSRONEY 22s oo Sots icassos Banach aud pin enw tetera Venss a Siausdseagmtaentt Bas eco terete Mo RE OTS - 796 
ASMA CONES: 5515.65: a5en0- 29 car easalainng woreda eb. clare dieetew slow ark em eawncs 88 
ISGUGIGA SUBDENSIDES oo: «5.5010 5:0 5a oiasavs oa 0cus Solas aap Wee Bin ars. Salers heres 2 
Colloids, foreign investigations, 626; Recent literature on............ 75 
CalbteGlen ATSIC iis. ovisisingnssieisiareaie Coie midly Bies Suricnnoneawlerk ards 1192 


Colorimetric determination of formaldehyde, 601; Of phosporus.... 121 


Colorimetric methods Gd apparatus. « o.5.:0: sc5:6:scie 5 aise e's: e:vieienieiiosecereanene 1192 
Coloring materials, determination Of. .......:....00. 6. cecescdecseeceees 1342 
RS AGS iss arene sreratas Wai Rare Wyaialews Hea Tai siweieoarelags ROSE SE Rigeietets 1216 
Columbic acid, separation from tungstic acid.................0..008- 1220 
Columbium, 1369; Chloride; 173953 Oxide «.< 6....escasiceis ne ciesisieces 1389, 1400 
ROEM SIESE NOIR ISTE NOUS 6 50 <4)/0) 5.4.50 21a phan: 6 9" 5 abe RE mors abaie Aneta we nOae eee 1333 
SepneaRe ORS TOPOLES OF ss 5 3.65.65 5 5 dcas's bk sei ysis Rasledaad wien ete ajanavare eoelaBaat whe I, 235 
Conductivity, of lead acetate solutions, 749; Of liquid ammonia solu- 

BREMEN a caro tanta ova cavers eae tay ava -wsatorelnte eevee: gue shan ene tesa UD ote eae olgtans rh 1gI 
Constant temperature bath for low temperatures. . as Lipmetive LEU 
Copper, complete analysis of refined (review), 308; Titernlnabien, 1224, 

1261, 1355; Precipitation by natural silicates .................. 976 
SO PPEEOPEDOVE TITAS 50:5 ace (5: 5:co'e bn rela sib ce Bs als 670i sia oho cdlar@ aparere eidlace-aie'e 1181 
SE QOT ENS 8 os f0 6 aisiareid-nas. beled ee acre aoawadinn. (kere 176, 237, 326, 458, 640 
Cottonseed oil. See Oil. 
CoTTrELL, F.G. Review of physical chemistry................-064- 615 
Coumarin, determination of, in vanilla extract ................000-- 719 
CRAMPTON, C. A., and F. D. Simons. The detection of palm oil when 

used as a coloring material in oils and fats...................0-- 270 
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Cranberries: DenZzO1C ACIG Wis... ssc o inv sasie 6 «Soke dcidineeodentaatene 613 
Cream, proteids of, in relation to mottled butter, 679; Ripening...... 680 
Critical state; investigations relating: O%).)<. <0. 6< 6065048 seine aceens 616 


Crude oil. See Petroleum. 
CRUSER, FREDERICK VAN DyKE. See Edmund H. Miller. 


RMegue ala Nee ood iccc sic ees cine Seles wat Ago ae Oa epee waa eee aes 618 
CHa eat CEtECEIO EY ON.< 6:05 5/9015 didn a die wl cad ad alanetaa ecard errata eee 25 
Cyanides, recent technical Gterature On «6.60.66! 6 occ c ccecincieses ciesines 420 
PPATRVING: foreign: works Ot ss. isecccccorncied eas antennae wesceciemeens 775 
DaLeEs, BENTON. Review of analytical work done abroad in 1904..... 1332 
Davis, Wi.LIAM M. ‘Friction and Lubrication (second edition)....... 1033 
Davison, ALICE L. The electrolytic determination of cadmium with 

the use of a: rotating qnOde: .o.s/s.65:.ceeeienls winnie cas wiererg ae aaete 1275 
DEERR, NOEL. Sugar and the Sugar Cane (book)................... 1575 
DE FORCRAND, R. Cours de Chimie (book) ..............ceceececees 790 
De Mouitemn, Ay 1. translation Dye o<os:< 5 a5 50.06 sce.nisisivisiacistradacers 446 
DIGHAETIRCAELOR 3. 3: 5(50 73 <5. cate Stanetoisidi oes omits + oe Sig cccd w aeletsle eater aaa 342 
Dialyzing membrane, a-strong stertizable.......25.....6 cess sales seweeens 1058 
Diaitinotere ph tHaue Gere. 3 50: cccceco ores crscs: wsavetain siein oversea erie areenas 1135, 1136 
PGOSHOE CR DORIMETES 65 oo sie: sre ars: sisie avers iois dic wie arsisle shnereralclslaed weahas 1436 
DICE IRONS RNC ok ers sty. aah a or <ieiahonec eve diela asa cldisinre pelo ow arerer eet 237 
Dimethyldihydroxydihydronaphtotetrazine.................. eee eee 1302 
Dinethylketodihyaroquinazoaes «....c.65 2 sie oss oes scree saw seelosion 1299 
Dimethylnitroketodihydroquinazoline. ..............0. eee eeeee 1309, 1331 
Dimethy! trimechyittamialate. .<... « sio-. s:00 sais 0s. aw 0 bie-clea v sale weieleeleateets 1429 
DMETONUOLOSCEIE. ook cece aie cane ns eve RH es eae eer eueaes 1314, 1316 
Disodium orthophosphate, action of silver nitrate on.................. 1515 
Dithioethyldiethoxyhydroquinone dibenzoate................-00000- 1126 
Double fluorides ct Cantal. 66:5 cio seas. aisles: vosree worse u4 wea ae ae eens 1140 


Doucuty, Howard W. Preparation of phosphorus diiodide, 1444; See 
William A. Noyes. 

Downeomer cust, tization 4.5) 5 so a 605 cis, ire nto ece,oie wince acme iealan aes 142 

Dox, ARTHUR W. See Marston T. Bogert. 

Dusois, W. L. The determination of sulphur and phosphoric acid in 


fOGGS; LOCOS: AN AERO. 5 Fetal Pacctere aids areaska orm nid ore Peeecio em Melee aa 729 
DuGAN, CLAUDE M., Jr. See George E. Thomas. 
DuNcAN, ROBERT K. The New Knowledge (book).................. 1034 


DuNLAP, Epwarp A. See Edward Mallinckrodt, Jr. 
DUNLAP, FREDERICK L. The action of phenylsemicarbazide and 


semicarbazide hydrochloride on phthalic anhydride.............. I0g1 
DuNLAP, FREDERICK L., and William Seymour. The hydrolytic 

CHAGING NDASEs ss c:isin.c:0.69 dd eete cate as Hee Aa malere ne me merearme 935 
DuNNINGTON, F. P. Fire Assaying Notes (book)................000: 791 
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1588 INDEX. 
ECKSTEIN, OSCAR. A method of measuring electric currents in solu- 
tions for lecture purposes (mote)..............cccecccecccees 759 
Electric currents, in solutions, a method of measuring................ 759 
Blectricidischarge through Gases. ......25.6.0ccccessescvsedevedooers 622 
Electric furnace products, recent literature ............. 000.00 ce eees 409 
Electric illuminants, use of rare earths in.............. ccc cee ccc eee CAT 
Electrochemical analysis. ....0...664..ce0sseccccnscccesece 1255, 1336, 1527 
Electrochemistry, recent literature... ...... 6 ccc ccc es cesccsvesoy eens 410 
Blectrolysis recent iterate x... o-.05 3 cisco aie sles epuais aeisiens wi siaters eieveraceve 410 
PB CtnO WAI C OANCHREN a5 cic lala dou Sarees die on egy WG te Hea RRaS eee e ee 1403 


Electrolytic determination: Cadmium, 1275; Chromium, 1265; Cobalt, 
1264; Copper, 1261; Iron, 1267; Lead, 1287; Mercury, 1270; Nickel, 


NPAC ois ch oar erewishonaiss Sierateinies ate ate ReeelA ee aes oa pinerenaye 1258 
PACCHPOIYHCANVESHPALIONS . 4.6. o.c0csccc sci e sees cee sen neeaen cases 616, 610ff 
Electrolytic Precipitation of AHEUNONY «......6:6 b60 dade sine n deed oseceeiners 1524 
PICCITOLYTIC SEDATALIONS 0:0 .0:6:605 csieeas cwas es eceee ns ceeeene con 1285, 1359 
Electrostenolysis:and Faraday’s law...........0cccescceseccecsesues 232 

624 


SSSA RANANINA 6 rc aoc aiereio ies aubiaid a O-aredearouinalels oauea.0 os 
Emmett, A. D. See H. S. Grindley. 
Emmett, A. D., and H. S. Grindley. On the presence of cotton-seed 


oil in lards from hogs fed upon cotton-seed meal................. 263 
ENGLER, C., and J. Weissberg. Kritische Studien iiber die Vorginge 
GersAUtoxiGation (DGOK) 6.2.0.6 oe es os escee eorsns 3:9. OS ERre werd awe « 79 
ZAMS SEO ON sa 5) sieteichalccerandes sitio aresdeiarmaietars.e Varela rersles a owloren.g4 1458 
Equilibrium in heterogeneous systems. .............-..cseccceeeeeee 630 
Essential oils. See Oils. 
HtHAHNE SlOW COniPUStON- OF... oo cece es orsb5. 0 ewes Ha ene eee waveleioe 1558 
AHETS  TOCENE NECTATUITS ON o:6.5.6.5.60 cscs eae see toe sibs 0 hed e eels eee ses 1554 
Ethyl alcohol. See Alcohol. 
Ethylmethylketodihydroquinazoline. ............ 0... cece eee ee eees 1300 
Ethyl sulphuric acid, complemental relations with glycuronic acid .... 278 
m-Ethyltoluene, preparation and nitration................... cece eee 369 
HUORIO GRA CGEHIVATIVES <6. 6. hoa vag ba new ciee aoe deed ou sew e sewed s 641 
LO Pile ALOMUCIWEIBNE «. «.<)0:4)0:05s6:6:610 0.6 sae a9 0-4 4s edi eigiaie cea ea wanes 189 
Evans, THoMAs. Magnesium amalgam as a reducing agent (note) ... 297 
PEPIOSIVES -TECEM ET ICORAtTe a ac ose sis.ersis seca deve 8 0.5 etapa leiessianle o:acee go ¥e 6 She 421 
HERRERO 2s Sod oh rier as dred Wa Sta ire Rr ior Siac Dr rai wD AER ENE Aare NET eines 63 
SRAPACHON SAD PARALGS TOL os. iors 56 waiwrs dieie: ose euase'0,b 059 Swanarbind acelereteiatecs 293 
FALK, M. J. See H.C. Sherman. 
Faraday’s law and electrostenolysis...... 0.0.5.0 0ccceseecvessdeses cos 232 
Fats, analysis of, 1343; Detection of palm oil in, 270; Estimation of, in 
infant and invalid foods, 906; Recent literature.................. 426 
Fatty acids; recent literature:On'. . .-<.....0.6 od sed ssiele sin scaw oGinae wees 1561 
Fatty oils. See Oils. 
Fay, Henry, and F. W. Snow. Some experiments on the fuel value 
OldDMUSINGOUS COAU ASHES 5:5. 5:5:5 esses a 0 fesse ele uaeieiergre hensiareeia eiweiee-s 609 
Feces, determination of sulphur and phosphoric acid in.............. 72 














Feeditio experiments: foreign... « cc0ci oes eGsica cles civctanets eeecwens 776 
Fermentation, recent technical literature ............0ccsccecceccees 430 
FERNEKES, G., and A. A. Koch. Volumetric methods for copper..... 1224 
Berrocyanide method for Coppet sé e606 56.s.cs:sicrainin os.e:sia Hasiie se eeveles 1231 
GErOGINCOS ANQIYCIS 555 oiSansie ory din ow Bete ke Hao ne neler ahaa ee eee 1351 
Fertilizers, estimation of potash in, 56; Foreign work on, 762; Recent 

ARORA EUR ora ace) wish avead aor goniea acetal taev cow avers etce aocincal totem, Gane a ete areroTer ata 424 
pete FERCT ECT AENBC 65 5 5: 5'a sicccin ese ow fai odl oseie sai rg ai ieee rans 438 
Biel erape: TOreiste Woke Othe 32.5 65 iics:< crore, viva sswieeinaid cow eee neater 773 
PERS EVV 6 oni oe: re aliens erat ecu tae peal orlee cbse one Grakdalahch casera auch s Mearecas ae area 287 
Baterabion itt IADOLTALOUY | 5. 5 :5c6.cie) 21 51:0 aier.s. v.06 arsisig, oheisine @ des wale tare e ae 1332 
FINDLAY, ALEX. ‘The Phase Rule and Its Application (book)........ 323 
Plesk, chemistry, 6583 Direct analysis. ..<6.- 6c sce seep arinsies alison 659 
Plourt, various~ kinds, 926 <"Wheats.. <i. 6:5) n-3 oc 0s cows ee ecameenaes 1068 
MONE CEISE, WIENER LOID oo croc ayer oi acu ciate oloie tec: oricl bam ale Stahl evermore py mrerat aes 142 
OHO GIVZON Cs 3 5. 515:5, sc, Sicyatns sau disp of aor ctntel Gini pid beni Siew Gears oy orate ar ara eterrer ace are 1557 
PIMOLeSCet; MICO CERIVAREVES 5 se inig sole sic o. 0,00 ono sin e's oa maveleratermere 1310 
Wimorine, Cetcetion 10: tReet «5.5 <.o sie: 5500s saieis. 010. os aiard cocevs Oa dale naraee 1347 
FRGLELCES QALY SIS: OR isc <p ers ores 5 e555 < Byote eo, Gel eee lay sin Liovaner tel analewaraetetererete 1334 
Foods, determination of sulphur and phosphoric acid in, 729; Infant 

and invalid, estimation of fat in, 906; Recent literature on...... 429 


ForcRAND. See De Forcrand. 
Formaldehyde, determination of, 596, 601, 714,1183; In milk, 1497; 


New: tnethod Gn seneratines: «55.220 oie, o5 5 hse cewaisla erie aanecatneaeate ce 277 
FRANKFORTER, G. B., and F.C. Frary. Some new forms of lecture 

andlaboratory apparatus «<<... decewers cyrerscere coisa aelealerste store meners 744 
FRANKFORTER, G. B., and Max Lando. Eugenol and some of its de- 

PEC ARI VOCS oc cars orale coin h6 Hed ioral AAR Oe eae tate dA RG ae 641 
FRANKFORTER, G. B., and Rodney West. Gasometric determination 

Of TOPMAIGER YE. 65. 555 sin's-4:0 0 cordisia soos, eco para ucla dlevaleyein sollaiale weer are 714 
FRANKLIN, EDWARD C. Reactions in liquid ammonia................ 820 
FRANKLIN, Epwarp C., and C. A. Kraus. The electrical conductivity 

Of Haid: amimonia Solitons. BE ec... <150.5 3cu sreisce 59. eeraretsia arouse aetaes IgI 
Frary, Francis C. See G. B. Frankforter. 
Brrvedel-Crants TeaCHOR. 2.6.5 cic aco sadeciaw in ono oa oad dane a sistoeaes ae 629 
Briel vale Gh endl asne sic cacareic ccs sae on hoteio Misverne siulsatin Oo eee 609 
GADOLINIUM: atomic weights... cones -necavens waslestndude eae 189 
GAGE, STEPHEN DEM. Contribution to the biochemistry of sewage 

purification; the bacteriolysis of peptones and nitrates............ 327 
Gatuorti, A., and H. Bénard, translation by (German into French).. 1026 
Gas recent techmen) HtCratnne. 5. ::6.si5.0-c:0:5 sre, oninies drei eiare cee aeie ae 418 
SOS ARALTSIS, 3334" DOPAGAtUSa cs ccs cous 0c ae cinen satdenieac eee 156, 732, 1252 
Gases. electric; discharce throughs «<0 6c cia-ca%aigiere oan opens meee cere 622 
GEERLIGS, H. C. PRINSEN. Methods of Chemical Control in Cane-sugar 

BaGEOP ICS (BOO io. a 5, s5.0: oe eceis to se ices averon cial lta Ace ela a alee aera 1362 


Geology, economic’ (ew periodical) ...... 66.00. ccwesen neous cases 1577 
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1590 INDEX. 


Gress, H. D. The boiling-points of ammonia, methylamine, methyl 


Chloride and:stelpittr Cio KIGe 5. 6:6:6:s:is: 5 o..0:0:6,oi5:eahe- 5! sled aerd-01 990% iain 85r 
Gipss, H. D., and C. C. James. On the occurrence of arsenic in 

SRR R SE sos x Tye ce cata oelw Sdn Sr aie ena ib abr wala are EAL Oi waatay aces oe Nees ae ace nee ean 1484 
Given, A. A constant temperature bath for low temperatures........ 1519 
Glass, analysis of, 1351; Change of color caused by action of rays on, 

909; 1206; Recent technical literature... ...0.6scesesececs sce. 422 
SIRBSPA SN CHETRICRN 5 50). cei) sleisne 9 a5: ds. gis SOs) ald md HONE Clone Diels Grd wld Sleds 865 
Go ett AEE COSEIILE 5 0.6 55.5 9: 605 bn’ 90s cress aan ip igs Rian G8 H ey aieiae wee 274 
ROCESS MOLINO as a: a nil ania 8 6 s0i gd nte ead caer ere SUR Se Nn ahd, WeneetON 777% 
GIF COREN MICTETININALION OL 6:5 sien 6)s.0:0 cow ee asaier sed Opa e ae erm ed aeeuies 1341 
Gold, determination, 1358, 1545; Precipitation ..................... 1444 
RENIN, oy a5 5 sce Ss ose bic sss cin SiayStoiw geslichns SoS Scaesans) dee evento ss mrwideariand,erelacd a 1182 
Goopwin, JosEPH H. Electrolytic calcium......................66. 1403 


Gorpin, H. M. On the crystalline alkaloid of Calycanthus glaucus 144, 1418 
Gore, H.C. See W. D. Bigelow. 
Grecory, H.C. A Short Introduction to the Theory of Electrolytic 


PP IBS CIR GION DOOR) bs 54.5.5 65) cies esececelg crass ahosncnstie, widubratens cera bese ws ath erdsece 1023 
GRIFFIN, MARTIN L. Sizing paper with rosin soaps............... 258 
GEIPMATA'S TOACELON 555.3556: 6: 6re 16:5 «6 oes: siete ow oars 1553, 1556, 1558, 1560, 1565 


GRINDLEY, H.S. See A. D. Emmett. 
GRINDLEY, H.S., and A. D. Emmett. The chemistry of flesh. II. 


Improved methods for the analysi of animal substances.......... 658 
Grout PRANK FE. “The plasticity Of Clays ic.5 04:05 6csgcdieains ee sinewnee 1037 
Guanidine, condensation with succinylosuccinic acid diethyl ester...... 1127 
GupDEMAN, Epwarp. A tificial digestion experiments................ 1436 
GuTTMANN, LEO F. Percentage Tables for Elementary Analysis 

DR) sels sits asiseydss vera yas eicerd Snchatee Gaara rar eives aia saduaussd a oaermieie andualele, ees oieele 1033 
RSIS UANTL (SOLE UTE AON so. 5.5. 076 <a va'Sr 0 sive ies aera gras fore hueer eels abs Grd Oe one digs 49 
HAHN, A. W. See H. C. Sherman. 

Badesselectrolytic ANALYSISIOF <:..6.4 675-6500 ca ositewisises wawsineg ions oesaay 1544ff 
Hai, Exuiot S. See Alexander Smith. 
Hau, I. WALKER. The Purin Bodies of Foodstuffs (book)........... 76 


Hai, Roy D., and E. F. Smith. Some observations on columbium 1369 
Ha.L.iBuRTON, W.D. Ten lectures on biochemistry of muscle and 


NIE Fas gyiny, arenes 65g aid wise ieisoi SS Sa ASIOAS Rae ahve eed GeO a rate whale aneverenea 448 
Halogen compounds, action of nitric acid on, 1557; Reduction to hy- 

ee, ee ae ee ERO re St een ee ee AP Ae cre eee eee 1555 
Halogens, determination in organic substances................-0000- 1188 


HamMarsTEN, OLor. A Text-book of Physiological Chemistry (book). 82 
Hanp, WILLIAM F. See Marston T. Bogert. 


Harrison, C. W. Review of foreign work in agricultural chemistry... 761 
Hart, Epwarp. Some present problems in industrial chemistry (re- 
RMI ct ce cris tin cars rane vet hed girs eu ehirres StaRs Ros AUa Cede even hoi aeeer ee eo mca 158 


HarTWEL., B. L., A. W. Bosworth, and J. W. Kellogg. Phosphoric 
acid determinations by the method of ignition with magnesium 
nitrate and by that of digestion with acids..................006- 240 
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Haywoop, J. K. Composition of the lime, sulphur, and salt wash 244 
Haywoop, J. K., and B. H. Smith. A study of the hydrogen peroxide 


method of determining formaldehyde..................00eeeeee: 1183 
HEATH, GEORGE L. Methods for the complete analysis of refined 

CODDET) GEVICW) «5-5: 0 5ic. cg crave srenee tom Matera dma oe Sols nae eee 308 
DEGREE VOING Ss 350 ois,c soins soos Saw ciowe rede neste manned caeede een 1333 
eterecyele: SNe Wes sii akisairas data ric nvrecy ate eat aaas olaeearn etn 1127 
Hewitt, THomas E. Colorimetric determination of phosphorus....... 121 
PROB FOOD ENC 5s. 5 5 esos Sra wichy vase ee ooo BIS ag Oa ol StS a nleataae 1556 
Hiceins, E., JR. Zinc mining and smelting in southwestern Virginia 467 
High temperature, decomposition of ammonia at................... 373 
Hitt, HERBERT W. A strong, sterilizable, dialyzing membrane....... 1058 


HILLEBRAND, W. F. Some thoughts on the present conditions 
of analytical chemistry (review), 300; Tetradymite, 461. 

Hines, Murray A. See Gregory P. Baxter. 

HOFFMAN, ALFRED. See Marston T. Bogert. 

HOLLAND, JAMES W. A Text-book of Medical Chemistry and Toxi- 
cology (book), 910; The Urine and Clinical Chemistry of the Gastric 


Contents, Common Poisons, and Milk (book).................... 83. 
Hoey, C. D., and J. T. Weaver. Liquid mixtures of minimum boil- 
py O20) 7 | Ee Rr CCP CCP Srnec rey: 1049 
HoumeEs, WiuLis B. See Alexander Smith. 
Homoanthranilic nitrile, acyl derivatives of................ceeceeees 1293. 
Howe, JAMES L. Recent work in inorganic chemistry (review)...... 62 


HuLETT, GEORGE A. Preparation of nitrogen from the atmosphere, 
1415; The solubility of gypsum as affected by size of particles 


and by different crystallographic surfaces................... 49 
HuTcHINS, Epcar B., Jk. Accontribution te the chemistry of the 

UGUER EOS oo irene x aC va aber ae eave ane Nel eda ctacnte el a Gee rare 1157 
Hydraulic cement. See Cement, and Portland cement. 

Hiydeazine, Geterinitid tint ea ores cereaeis lated oa tare war nisl ea wim eters 1359 
Hydrazine sulphate, action of hydrogen peroxide on, 552; As an ana- 

FG CRCAR FORE IN aa 5 5 5icicr si eiaiiats Taos ew 9: 0h oe is yor lavas; hail aol) erate avers Sets 1359 
Hydriodic acid, reaction of tribromphenolbromide with.............. 7 
Hydrocarbons, in Louisiana petroleum, 1317; Quinonoid, 1556; Slow 

CORNISESO IT: Ole oro cu ee soreness et I ee eee 1553 
Bydrogen; Gtone Went. acc. 2. 2:5. cies: 0 Bares 3 aeeicne < eo tw as hane eee 178: 
Hydrogen peroxide, determination, 1345; In determining formaldehyde 1183 
Hydronittic acid. new synthesise c...0'6)<.s66: o-tincacead xls a neocons sede 551 
FL VOPORYVCANI OTORIC ACI =. 5: 5.5: 07ih.s500- sist a0 57 erwin! sia chsina@ avecat dette hormaleres 1434 
Hydroxylamine; Geverimimatian s, 3:6 6:2 :c.ccsicicce toreiste srsidiew acreage wtwmere 1348 


IMMERSION refractometer. See Refractometer. 


RURCANICDOOR TEE TRG OIRE 5.35 55. sora Sea 08 Siva 6 die Wiese Seesaw wales eaeeeele as 799 
India: tibber: Yecerit HteraQtutes = <.c5e. soko esc bdcnknice neds eue en Cares 441 
Indicators, absolute value of end-point ...............ceceeeeee eens 628 
Indium and its compounds, 69; Atomic weight...............00ee0es I, 185 


ERGuced seacCHneso 5: acs Lene hoses ok oe hin ov cde waie ameanrelers 630 
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Industrial chemistry, review of recent foreign literature, 405; Some 

PRET IIS OES 56 Sect 5.5 is ora g;chsinle o wia,siosa hale Src NGaaCe als iaislors, Bis acai 
RET CLICTIIC ASCE OG > 5 5)555. 55:6: 3.466:0is ovaiareia 8's 0.0.6 6 ob ¥0:9:6' bia. ad Kale seins 
Inorganic chentstry, recetit Workin. .........466s6.ccsassescccercee ses 
Inorganicicompounds, analysis Of .............0660.ccceccwessceesesnees 
Iodine, atomic weight, 2, 180, 876; Determination................... 
PONS CONSHEUHIOR Ol COMPICS 6 6 .6.6:605 8 84 daisies 89.40 desea eres waee 
Iron, determination, 1267, 1352, 1353, 1354, 1545; Electrolvtic sepa- 

rations from various metals, 1547, 1549; Separation off cadmium 


Iron and steel, gravimetric determination of sulphur.............. 
UGONPEGUEVAIERTIOL COPPE? .....0:5:<55.<ip.054 6d lara iw din 69 VES Bbw: erermcerbg elles wees 
Isobutylmethylketodihydroquinazoline................ 0. cee eee ee eee 
Isopropylmethylketodihydroquinazoline........... 00... c eee eee eee 


JACOBS, CHARLES B. Some observations on the deposition of alloys 
PROM AMIN SSOMITIONS |< i.5/ai0c.cieis dians.airs. ors, Sa Bro mievardeg araree wren netsaneens 

James, C.C. See H. D. Gibbs. 

Jameson, P. E. On the precipitation of metallic gold ............... 

Jones, LAUDER W. Some recent work in organic chemistry (review) . 


KAUFMANN, WILLIAM P. See William R. Lang. 

KELLocc, J. W. See B. L. Hartwell. 

Ketodilydroquinazolines. ......00.60. cece sc cd esa cesaswwesans 1293, 1305, 

Ketones, determination in essential oils, 1321; Recent literature on 

Kwicut, NicHoias. Note: an explanation.............ccsceeeseees 

Kocnu, A. A. See G. Fernekes. 

Kocnu, A. E. See F. A. Norton. 

Ko.uock, Liry G., and Edgar F. Smith. The use of the rotating 
anode and mercury cathode in electro-analysis.............. 1255, 

KREMERS, EDWARD. Preface by .....0..0.scecscrvessceneareceuic , 


LACEY, H. B., and C. A. Pannett. Practical Exercises in Chemical 
Physiology atid Histolory (DOOK)):. ois:c:6:6 scsiene oso wea scereevewveisre pretence 

Lacy, Burritr S$. See Theodore W. Richards. 

Lanpbo, Max. See G. B. Frankforter. 

LANG, WiuuiAM R. and W. P. Kaufmann, The action of nitrate of 


silver on disodium orthophosphate in dilute solution............ : 
LANGNESS, JuLIA, and E. F. Smith. The rapid precipitation of anti- 
MMONY Alte SIECHTOLY CIC WAY. 5: i6-sinie ea: sseieveis: 0rd ao we op 0l 6 -d/h ands oll tre 
Lanthanum, separation Of ifO0f2OM .6.:6:0. 6,644.5: 85i6 sw wees dcawis ace Seaver et atoue 
Lard, from hogs fed on cotton-seed meal, examination by Bémer’s 
method, 589; Presence of cotton-seed oil in.................06- 
LASSAR-COHN, Dr. Application of Some General Reactions to In- 
vestigations in Organic Chemistry (book).................e. eee 
LeacH, ALBERT E. Food Inspection and Analysis (book)......... 


LeacH, ALBERT E., and H.C, Lythgoe. The detection and deter- 
mination of ethyl and methyl alcohols in mixtures by the im- 
PRETHIONUTSITACCOMIECEL «6. i:e:0 00-0 010s, oases ine wind sim eiearnrn's @relawielaronees 
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Lead, conductivity of acetate, 749; Determination, 1287, 1355; Eugenol- 
ate, 642; Imide, 843; Iodide, ammono-basic, 845; Sulphate, 


solubility in ammonium acetate solutions..................00005 747 
Beater, SeCemt Heer atsse a ois 5:5 oscars aisve ro mac clas aih siartce! oie aitnavbntrscatet sielevars 440 
Le CHATELIER, HENRI. Experimental Researches on the Constitution 

of Fiydtaulic Mortars: (Dole) aso 2é:cs.cicrcine) sinis dsieaieawieiy shaw a oe areas 1028 
Le CHATELIER, H., and O. Boudouard. High-Temperature Measure- 

BICHES: CDOOM s. :«. 5.% e515 sacs mnie scales oxpin che a at raan esd aeons arene ct eae eens 170 
VOCE, SUCHE OF co 5.i6 55a weiss ces ea ee tare dn Replace oles minamee 1562 
LEFFMANN, HENRY, and William Beam. Select Methods of Food 

Pinalysis (Seconicl: CONNOR 6 6:0)-o: co, cst sarees cionatg paar letras de die aaa 1363 
LEFFMANN, Henry, and C. H. LaWall. Text-book of Organic Chem- 

BSEEY. CHOON. 5 65 5. 5-c 5, cols spe Gaim ese ia via tener hae an aor 322 
LEHFELDT, R. A. Electrochemistry (book), 80; Revision by.......... 791 
Lemstrom, S. Electricity in Agriculture and Horticulture (book)..... 457 
LEVENE, P. A. Recent work in biological chemistry (review) ...... 1445 
Levi, Louis E. Pipette weighing-bottle (note).................006- 614 
LEWkKowI'TscH, J. Chemische Technologie und Analyse der Oele, 

Bette. titid Waehse (BOGE )e :..« 5:3 c-eresisce! rere didsdbaceelosaciew eee weet 452 
BGR: CONES. 0665 soso woe eat Relscele el claw gp GUS 1G on Wie OLR eee Aree meee eral 25 
LigEBER, Huco. The Use of Coal Tar Colors in Food Products (book). 1364 
Lime,.as'a fertilizer, foreign: work Offs. < .ci0<6eiscncc cnet ccnoerew aceon 771 
Lime-sulphur-salt wash, composition Of............. 00sec cece ee eens 244 
EINCOEN, A. T.. Acnewihuretie boldest: :.... <.66%.c ncigs vin vewecicnene 1442 
MANN scope ler ats wed le iatatarete ae SeIsio we a aioe eR RN a ROSS tree a 935 
Lipman, J.G. See Edward B. Voorhees. 

PFCRSEEL CRGSECIS > 5:2, 9:55 8 an oy ¢aie Hone aS bm atenly Oo Simi Sire aici in Miaka aa ea 618 
Liquid mixtures. of minimum: boiling-point. .. ........6.0600ce0e ne sews 1049 
RACHA CHOON CALC os Hic <a. 0 sre x cisitcs ep HES 9 aie 2 clea bie sae aisle eee ee 642 
Preise Cantalism: Mose: a. \.¢ 366-6 o.2.0:5 sre ae ciel cies emminte meonslerersio as 1143 


Luoyp, S. J. The determination of phenol, 16; Tribromphenolbro- 
mide: its detection, estimation, rate of formation, and reaction 


WHEE HU OROOIS ACI 5 :< 24 Ses <node dite eamh pv aaiaale ated cee. 7 
LopGE, R1cHARD W. Notes on Assaying and Metallurgical Laboratory 

EXPCEUTICEES 08555 505.5 sis 3 oy Seeks ne masacrap eke oat ear rans rata 175 
LoEB, JACQUES. Studies in General Physiology (book) .............. 791 
LoeB, Morris. The crystallization of sodium iodide from alcohols.... 1019 
Lonc, J. H. A Text-book of Physiological Chemistry for Students of 

Medicine, 1460; On the specific rotation of salts of casein ........ 363 
Low temperatures, constant temperature bath for. . tae + B5I9 
LUNGE, GEORG. Chemische Technische Vitertnsinees ‘Methodes, 

Band II, 452; Techno-Chemical Analysis (book). . sete: - 454 


LYTHGOE, HERMANN C. ‘The optical properties of castor roll, cod- ive er 
oil, neat’s-foot oil, and a few essential oils, 887. See Albert E. 
Leach. 


IN ag ons kaa deadtceweneeiaseaeaees cee 931 
MACFARLANE, WALTER. Laboratory Notes on Practical Metallurgy(book) 1027 
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MACK, JOSHPH T,,, tPanslation DY’... «..is.s66:6's:04:0:6:6 eins. o:a0 ee Seiase Saw 6610 1028 
Magnesium, separation of cadmium from............. 00. c ee eee eee 1285 
Magnesium amalgam as a reducing agent................. eee ee eees 297 
Magnetism, lack of influence on reactions............. 00. c eee ences 65 
GOAN oi. 25 2 cies tsp aedid arnt av aio is iakacacd see abe esse So OM aad Guides 295 
MALLINCKRODT, EDWARD, JR., and E. A. Dunlap. Meconic acid in the 

U. S. P. 1890 assay of opium and certain meconates.............. 946 
MANDEL, JOHNAA., translation DY « 65: 3i5.4:s2 i006 egies scares ate earw ees eee raha dake 82 
Maia anieSe: attr “WATER. 0.5.6 6:0: c00: a \o-sisi diene) Wrare'a sspears svalave areas epcla 1354 
MANNHARDT, Hans. Note ona simple apparatus for the preservation 

of standard sodium sulphide and other oxidizable solutions........ 299 
MA iitOly ser elise Cyt DIU «5050.54 0 50 do wind a mince B's. ecbietereiee$ ts Biola e 1471 
Marriott, W. McKim. See A. S. Wheeler. 
Mason, G. F. The occurrence of benzoic acid naturally in cran- 

ORIIOS MMOLE) 55.6.5: sie 5c05 arden oat oretwiend ae ites Bales a lot hie shad eRe 613 
Mason, W. P. Determination of nitrites in waters (note)............ 614 
MaTrHEws, J. Merritt. The Textile Fibres: Their Physical Mi- 

croscopical, and Chemical Properties (book) .................-. 172 
McCaBE, CHARLES R. Note on the gravimetric determination of 

Se ITOM AGLSHOON Ss.) 5 5. :s:5 Soo cevarsiare atgrellons cle aoe Oe 'o.w-! aleteiass 1203 
McCoy, HERBERT N. Radioactivity as an atomic property........... 391 


McINTosH, DoucLas. The basic properties and the quadrivalence of 
oxygen, 26; The basic properties of oxygen: compounds of or- 
ganic substances containing oxygen with nitric, sulphuric and 
chlorsulphonic acids, ro13. See H. T. Barnes. 


Meats chemical compositioniol «....6.6.6 60 enema eincdiedasigceseeleeis eles 672ff 
MECONIC-ACIG, ANGIINCCONBEES. 6.6.5: :6:6. 645 656 dG as ese OS eisea zara eeelgeiowis 946 
MELDOLA, RAPHAEL. The Chemical Synthesis of Vital Products and 
the Inter-Relations between Organic Compounds (book).......... 793 
MELDRUM, ANDREW N. Avogadro and Dalton. The Standing in 
Chemistry of Their Hypotheses (book)..................0eeeee. 443 
MELLOR, J. W. Chemical Statics and Dynamics (book).............. 639 


MELVILLE, WILLIAM. See Alfred H. White. 
MENDELEEFF, D. An Attempt towards a Chemical Conception of the 


Ether (book), 77; The Principles of Chemistry (book)............ 789 
Mercaptides;- action On QUIMONES. .o.60.. 656 case cess sns eee wes ease 1120 
Mercerizing. recent Nterature...... 006s cscs scevovedess eves eva on 438 
Mercurie bromime, AMMONO-DASIC...... 6 666.006 ce ds wees ese eases ene 839 
Mercuric chloride, ammono-basic ..........c ccc cece ccc ceccseseees 841 
METCUTICIOGIGE, ANTMONO-DASIC.. .. «0.3.6.0: csc ccs csc ee cee ee Howe sueinies 838 
CSS: GTR cc (kn a a oe 835 
REA AIR 55-5 6:9. a:d acoso Dard sete oS ple God anes Scavece wR a RAR 1178 
PBST COMES 5 ca. ca.s 50's 19 00! or020' S Aus te WS adr oad" WLW. BLerw Ere een eiaTA s 1175 
Mercury, Getermination. .......6cesescccenscecvess 1270, 1355, 1537, 1545 
PRCA Y ERA 5 55:5:c5,95r08 sacra nn, 60:9: 8% coovni tous orp bio 9-0e: a anaiconceyRvena ios 1255, 1527 
Mercury sulphocyanate complexes. ...... 6000s cessasieenccsvecsiooces 30 
MERRILL, GEORGE P. A Treatise on Rocks, Rock-weathering and 

SOMONE cc ohb <a S55 Svein icons wstaa vs wd iy BkGIO ad Sane Ree aS eee Ea tree ake 325 
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Metaholieny, Studies OF 5. <.oosc:0 ssc cccwiein ga ees etomasew ease vee ceeea 1454 
Metallic cyanides and salts, conductivity in liquid ammonia........... 215ff 
Metalloids: determination Ob. <6 cc. so + cinienco-a wale aw one bie view aaelerens 1345 
Metalinrey, recent literature One... <cccccccssisesiencmaseig ciel cur aeess 407 
Metals, reciprocal replacement in solution..................eeee0. 540 
Methyl alcohol, detection of, 892; Determination of, in presence of 
CERYTAICOION. foo 5. aa og 5 21a ses aa ein he Soares asia sje aero wie elem om ineraterers 964 
Methylallylnitroketodihydroquinazoline. ............. 2.0. e cece eee eees 1310 
Methylamylnitroketodihydroquinazoline. .................0eeeeeeeees I3IO 
Methyiamine, Dominenotie o.%: cients «ladinrs « oats icin wes rae enatas eae . 851 
Methylbutylnitroketodihydroquinazoline...............ccee eee eeeee 1310 
WACERR GE CEN OEIO 5 ooo 5 ore care shu at race Ran sralie he acaies¥ eiente wore) ISIS aln eres 851 
Methylethylnitroketodihydroquinazoline..................eeeeeeeees 1309 
MethyliketodiliydroquinaZouness noice soe coesiencee swe easdasmecs 1293 
Methylnitroketodihydroquinazolines. . .. 0.0.2.0 000 cecsceee eee 1305, 1330 
Methylpropylnitroketodihydroquinazoline...................e eee eee 1309 
METTLER, A. J. See H. C. Sherman. 
Microchemical: AMAlySis:-. = 2)<\0sc0s sacs Gstecg sl aiera Sie Suter harm esse ele Rote 1338 
Milk, acidity of, 861; Analysis of, 1344; Chemical preservatives in, 1060; 
Determination of ammonia in, 124; Formaldehyde in............ 1497 
MILLER, EpmMuND H., and F. Van D. Cruser. The application of bis- 
muth ammonium molybdate to gravimetric analysis. ai 116 
MILLER, W. LasH. A home-made balance, 403; The New ‘Reenee 
ments in Chemistry for Junior Matriculation, etc. (book).......... 319 
Mineral waters. See Water. 
MINET, ADOLPHE. Le Four Electrique, I (book).................... 1022 


MorssaNn, Henri. The Electric Furnace (book), 446. See F. W. 
Clarke. 


Molasses, ‘cane, commiercial analysig «0065.06.05 sec 004428 ete werent 691 
Molecular weight: determinations: . <2 ..5..03 44.0 's eack cS Se «ess a cated 47, 619 
Molybdenum, determination in steel ............. 00. c cece cece eees 1240 
Moore, RicHarD B. A Laboratory Chemistry.................... 1027 
Mothlesiin DESH «5-2 siac sein ering Sree le emia ee a etna ouster nate oereereens 683 


MouILPIED, DE. See De Mouilpied. 


Ns 5c. sini < dant ean eee ee ae ee 625 
Naphttetrazine: 61,3;5,7), detivative: Of... 5. cesenie sc cnesastexeceges 1127 
Neodymium, atomic weight, 188; Separation of iron from.......... . 1549 
INCHES LOGE! OER 2:5 an axw-d, sosscocrara: ae alsa Rye eve ex Sta rene ar oy eater ae er ea 887 
NERNST, WALTHER. Theoretical Chemistry from the Standpoint of 
Avogadro’s Rule and Thermodynamics (book)................... 791 
Neenst lamps, rate catths fOtss.023 ts. ccc sa a vee ce iidulvcceedsndens 778ff 
INGWiSDPRATACHSS 5.5 <0. d-ccc dois eran: tous of ete erecnntore emer ele Hever reve aralats 156, 


279, 287, 293, 298, 299, 403, 615, 732, 744, 759, 1192, 1252, 1442, 1519 
New Books: A Laboratory Chemistry (R. B. Moore), 1027; Analysis of 

Potable Spirits (S. A. Vasey), 455; An Attempt towards a Chemical 

Conception of the Ether (D. Mendeléeff), 77;- Annuaire pour I’ an 

1905, 325; Application of Some General Reactions to Investigations 

in Organic Chemistry (Dr. Lassar-Cohn, trans. J. B. Tingle), 83; A 
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Scheme for the Detection of the More Common Classes of Carbon 
Compounds (F. E.Weston), 447; A Short Introduction to the Theory 
of Electrolytic Dissociation (H. C. Gregory), 1023; A Text-Book of 
Chemical Arithmetic (H. L. Wells), 1361; A Text-Book of Medical 
Chemistry and Toxicology (J.W. Holland), 910; A Text-Book of Phys- 
iological Chemistry (Olof Hammarsten, trans. J. A. Mandel), 82; A 
Text-Book of Physiological Chemistry for Students of Medicine (J. 
H. Long), 1460; A Treatise on Rocks, Rock-Weathering and Soils 
(G. P. Merrill), 325; Avogadro and Dalton. The Standing in Chem- 
istry of Their Hypotheses (A. N. Meldrum), 443; Bacteriology and the 
Public Health (George Newman), 450; Catalogue of the Ward-Coonley 
Collection of Meteorites (H. A.Ward), 1577; Chemical Staticsand Dy- 
namics (J. W. Mellor), 639; Chem. Technische Untersuchungs Me- 
thoden (Georg Lunge), Band II, 452; Chem. Technologie und Analyse 
der Oele, Fette, und Wachse (J. Lewkowitsch), 452; Conversations 
on Chemistry. Part I, General Chemistry (W. Ostwald, trans. by E. 
C, Ramsay), 1020; Cours de Chimie (R de Forcrand), 790; Die hetero- 
genen Gleichgewichte vom Standpunkte der Phasenlehre II, 1 (H. 
W. B. Roozeboom), 445; Economic Geology (new periodical), 1577; 
Electric Furnaces and Their Industrial Applications (J. Wright), 
636; Electricity in Agriculture and Horticulture (S. Lemstrom), 
457; Electrochemistry (R. A. Lehfeldt), 80; Elements of Applied Mi- 
croscopy (C. E. A. Winslow), 1571; Exercises in Practical Physio- 
logical Chemistry (S. W. Cole), 796; Experimental Researches on the 
Constitution of Hydraulic Mortars (H. Le Chatelier, trans. by J. L. 
Mack), 1028; Fire Assaying Notes (F. P. Dunnington), 792; Food 
Inspection and Analysis (A. E. Leach), 174; Friction and Lubrica- 
tion (W. M. Davis), 2nd ed., 1033; Grundziige der Siderologie (H. F. 
vonJiiptner), III., 2, Die hiittenmannischen Prozesse, 324; High-Tem- 
perature Measurements (H. Le Chatelier andO, Boudouard, trans. 
G. K. Burgess), 2nd ed., 170; Jahrbuch des Vereins Spiritus-Fabri- 
kation in Deutschland, und des Vereins der Stiirke-Interessenten in 
Deutschland (fiinften Jahrgang, 1905), 1574; Kritische Studien tiber 
die Vorgiinge der Autoxidation (C. Engler and J. Weissberg), 79; 
Laboratory Notes on Practical Metallurgy (W. Macfarlane), 1027; 
Laboratory Studies for Brewing Students (A. J. Brown), 911; Lan- 
dolt-Bérnstein Physikalisch-Chemische Tabellen (3rd ed.), 1568; Le- 
cons sur la Théorie des Gaz 11. (L. Boltzmann, trad. par A. Gallotti 
et H. Bénard), 1026; Lectures on Iron Founding (Thomas Turner), 
173; Le Four Electrique, I (A. Minet), 1022; Manual of Chemical 
Analysis as Applied to the Assay of Fuels, Ores, Metals, Alloys, Salts, 
and Other Mineral Products (Eugene Prost, trans. by J. C. Smith), 
1207; Manualof Physiological and Clinical Chemistry (E. H. Bartley), 
2nd ed., 174; Manual of Serum Diagnosis (Rostoski, trans. C. Bold- 
uan), 171; Metallurgy of Cast Iron (T. D. West), 9th ed., 1028; 
Methods of Analysis of the Central Laboratory of the Italian Customs 
House (Vittorio Villavechia), 454; Methods of Chemical Control in 
Cane-Sugar Factories (H.C. P. Geerligs), 1362; Milk, Its Production 
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and Uses, with Chapters on Dairy Farming, etc. (E. F. Willoughby), 
1362; Notes onAssaying and Metallurgical LaboratoryExperim’ts (R. 
W.Lodge),175; Percentage Tables for Elementary Analysis(L.F.Gutt- 
mann), 1033; Pharmacology of the Fluid Extracts in Common Use 
(J. S. Wright), 1208; Practical Exercises in Chemical Physiology and 
Histology (H. B. Lacey and C. A. Pannett), 796; Quantitative Chem- 
ical Analysis (J.C. Olsen), 320; Quantitative Metallurgical Analysis 
(arr. by C. F Sidener), 1365; Radiumand Radioactive Substances (C. 
Baskerville), 1569; Reflections Suggested by the New Theory of Mat- 
ter (A. J. Balfour), 445; Select Methods of Food Analysis (H. Leffmann 
andW. Beam), 1363 ;Sewerage and Sewage Purification (M.N. Baker), 
1573; Spectroscopy (E. C. C. Baly), 1570; Studies in General Phys- 
iology( J. Loeb), 791; Sugar and the Sugar Cane (Noel Deerr), 1575; 
Tables for Chemical Calculations (H. L. Wells), 447; Techno-Chemical 
Analysis (G. Lunge, trans. A.I. Cohn), 454; Ten Lectures on Biochem- 
istry of Muscle and Nerve (W. D. Halliburton), 448; Text-Book of 
General Physics for High Schools and Colleges (J. S. Ames), 81; 
Text-Book of Organic Chemistry (H. Leffmann and C. H. La Wall), 
322; The American Year-book of Medicine and Surgery for 1905. 
Vol. I, General Medicine, 910; The Becquerel Rays and the Prop- 
erties of Radium (R. J. Strutt), 324; The Chemical Synthesis of Vital 
Products, and the Inter-Relations between Organic Compounds 
(R. Meldola), Vol. I., 793; The Chemistry of Gas Manufacture (W. 
J. A. Butterfield), 3rd ed., Vol. I, 795; The Detection of Poisons and 
Strong Drugs (W. Autenrieth, trans. W. H. Warren), 912; The Elec- 
tric Furnace (H. Moissan, trans. A. T. de Mouilpied), 446; The Ex- 
amination of Waters and Water Supplies (J. C. Thresh), 325; The 
Follies of Science at the Court of Rudolph II., 1576-1612 (H. C. 
Bolton), 444; The Journal of Biological Chemistry (new periodical, 
ed. J. J. Abel and C. A. Herter), 1574; The Modern Asphalt Pave- 
ment (C. Richardson), 1029; The New Knowledge (R. K. Duncan), 
1034; The New Requirements in Chemistry for Junior Matriculation 
and for the Departmental Examinations of the Province of Ontario 
(W. L. Miller), 319; TheoreticalChemistryfrom the Standpoint of 
Avogadro’s Rule and Thermodynamics (W. Nernst, revised by R. A. 
Lehfeldt), 791; The Phase Rule and Its Application (Alex. Findlay, 
introd. by W. Ramsay), 323; The Polariscope in the Chemical Labora- 
tory (G. W. Rolfe), 1572; The Principles of Chemistry (D. Mendeléeff, 
trans. G. Ramensky), 3rd ed., 789; The Purin Bodies of Food Stuffs 
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